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INTEODUCTION 


1* 

The  instnunents  and  controls  for  the  Brookhaven  Nuclear  Heactor 
have  evolved  from  a  development  program  whose  objective  was,  among  others, 
to  create  a  research  facility.  Throughout  this  program  it  has  been  clear 
that  the  ultimate  arrangement  of  instruments  and  controls  can  not  be  fixed 
in  advance  of  actual  operation.  The  ultimate  arrangement  will  depend  in 
large  measure  on  the  research  activity  to  take  place  in  the  fiiture.  It 
has  been  necessary,  therefore,  to  provide  a  wide  range  of  instrument 
capabilities  and  a  large  number  of  control  functions. 

Underlying  this  primary  objective  of  creating  a  versatile 
research  facility  is  the  associated  requirement  that  the  reactor  be  safe. 
The  requirements  for  safety  are  in  some  ways  as  varied  and  complex  as 
those  of  research.  In  some  instances  they  are  dominant. 

Exemplifying  the  flexibility  and  versatility  of  the  reactor 
instrumentation  are  electronic  instruments  of  advanced  design  for  measur¬ 
ing  power  at  extremely  low  levels,  indicating  and  recording  the  rate  of 
rise  of  power  level  over  a  wide  range  of  power,  and  regulating  power  at 
preset  levels.  Exemplifying  the  variety  of  safety  devices  are  instruments 
for  monitoring  power  level  detected  by  ionization  chambers,  by  neutron 
thermopiles,  and  by  graphite  and  me t al- car t ridge  thermocouples.  Devices 
which  monitor  the  operability  of  equipment  also  contribute  to  the  safety 


of  the  reactor 
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Figore  l.l,  **Location  of  Instrtunent  and  Control  Equipment,** 
shows  the  location  of  the  important  elements  in  the  control  system  for 
the  reactor*  The  view  shows  a  control  room  in  which  are  located  control 
panels  and  the  operator's  console*  The  more  important  instruments,  on 
the  front  panel,  are  easily  read  by  the  operator  from  his  position  at 
the  console.  Much  of  the  instrument  equipment  associated  with  the  control 
of  the  reactor  is  in  the  equipment  room,  located  immediately  below  the 
control  room.  The  control  rods  and  the  mechanisms  for  driving  them  are 
arranged  in  two  banks  on  the  southeast  and  southwest  corners  of  the 
reactor.  Sensing  elements  associated  with  the  measurement  of  temperature 
and  nuclear  radiation  are  located  in  holes  passing  through  the  reactor 
shield* 

The  controls  and  instmiments  associated  with  the  control  and 
measurement  of  the  power  level  of  the  reactor  have  been  divided  into  the 
following  five  groups: 

Control-Rod  Drives 
Rod-Position  instruments 
Reactor- Activity  Instmments 
Emergency-Shutdown  and  Alarm  Equipment 
Radiation-Monitoring  Instruments. 

In  the  remainder  of  this  chapter,  each  of  these  groups  will  be  discussed 
briefly.  A  detailed  treatment  of  each  is  given  in  five  subsequent  cha.pters. 
2.  _CQ_atrQl-RQd  Drives 

Sixteen  control  rods  are  provided  for  the  control  of  the  Brook- 
haven  Reactor,  as  shown  in  Figure  1.2.  Fourteen  of  these  rods  (Nos.  1-8, 
10-14,  and  16)  are  designated  “emergency’*  rods  and  two  (Nos.  9  and  15) 
are  designated  “regulating**  rods. 


figure  1. 1  LOCATION  OF  INSTRUMENT  AND  CONTROL  EQUIPMENT 


10 


N 


CONTROL  RODS  AND  RACKS 


NOTE:  CONTROL  RODS  NOS  9  AND  15  ARE  REGULATING  RODS.  ALL  OTHERS  ARE  EMERGENCY  RODS 


FIGURE  1.2  CONTROL  ROD  ARRANGEMENT 
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The  emergency  rods  have  the  two  principal  functions  of 
(1)  shutting  down  the  reactor  quickly  in  the  event  of  hazardous  con¬ 
ditions  and  (2j  Increasing  the  reactivity  at  the  v;ill  of  the  operator 
for  the  purpose  of  starting  the  reactor,  iiach  emergency  rod  has  an 
independent  hydraulic  drive  unit  and  can  be  positioned  independently 
of  all  others.  All  of  the  emergency-rod  drive  units  are  so  connected 
that,  in  the  event  of  an  emergency,  all  other  control  signals  are  over¬ 
ridden  and  all  rods  move  to  full  insertion  at  maximum  speed. 

The  two  regulating  rods  are  driven  by  independent  drive  units. 

Two  induction  motors,  a  mechanical  dil'ferential  and  gearing  are  arranged 
so  that  a  rod  can  be  moved  in  or  out  at  two  speeds.  The  maximum  and 
minimum  speeds  of  the  regulating  rods  are  considerably  less  than  those 
of  the  emergency  rods.  These  rods,  therefore,  can  be  positioned  more 
accurately.  Their  primary  purpose  is  to  maintain  the  power  level  once 
it  has  been  established  by  removal  of  the  appropriate  ntimber  of  emergency 
rods.  Hod  No.  9  is  operated  manually  through  push  buttons  on  the  operator’s 
coiisole  in  the  control  room.  Rod  No.  15  can  be  operated  manually  by  a 
second  set  of  push  buttons  on  the  console,  but  can  also  be  operated  from 
an  automatic  controller  when  it  is  desired  that  the  reactor  power  be  kept 
constant  without  being  attended  by  the  operator.  Rod  No.  15  operating  as 
part  of  the  automatic  system  will  also  assist  the  operator  in  reducing  the 
rate  of  rise  of  power  at  the  end  of  the  start-up  operation.  Both  regula¬ 
ting  rods  are  connected  to  the  emergency- shut down  system  so  that  in  an 
emergency  they  will  automatically  travel  to  fall  insertion,  unless  the 
emergency  be  loss  of  440- volt  power  needed  for  their  operation. 
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Bod-Position  Instruments 

The  purposes  of  the  rod-position  instruments  are  to  indicate 
and  record  the  positions  of  the  control  rods,  to  assist  in  reactor 
operation,  and  to  provide  research  data.  Pour  different  types  of  equip¬ 
ment  are  provided  for  these  purposes.  The  first  type,  a  precise  indicating 
instrument,  provides  rod-position  data  for  the  regulating  rods,  to  a  preci¬ 
sion  of  approximately  -1/4  millimeter.  Tv/o  of  these  instruments  are  fur¬ 
nished,  one  for  each  regulating  rod.  The  second  type,  of  which  there  are 
fourteen  instruments,  provides  rod-position  data  for  the  emergency  rods 
to  a  precision  of  approximately  -1  millimeter.  These  two  types  of  instru¬ 
ments  are  furnished  primarily  as  precise  tools  for  research.  The  third 
type,  of  v;hich  there  are  two  instruments,  provides  an  approximate  indica¬ 
tion  of  the  positions  of  all  rods.  Bach  of  the  two  banks  of  eight  control 
rods  has  its  own  instrument  of  this  type,  which  is  furnished  primarily 
as  an  operational  aid.  The  fourth  type,  of  which  there  are  four  instru¬ 
ments,  provides  graphical  records  of  the  positions  of  the  rods.  Two  of 
these  instruments  are  single-line  strip-chart  recorders,  which  provide 
continuous  records  of  the  positions  of  the  regulating  rods.  The  other 
two  instruments  are  eight-point  strip-chart  recorders,  which  provide 
intermittent  records  of  the  positions  of  all  sixteen  rods.  These 
instruments  are  furnished  primarily  to  provide  operational  records.  All 
rod-position  indicating  and  recording  instruments  are  located  in  the  control 


room. 
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4.  Reactor-Activity  Instruroents 

The  instruments  for  indicating  and  recording  reactor  pov/er 
and  internal  temperatures  and  for  protecting  against  excessive  power 
and  temperatures  are  grouped  in  several  systems  as  follows; 

Galvanometer  system  for  indicating  power  from 
full  powr  down  to  about  200  watts. 

Neutron-count ing-rate  system  for  indicating  the 
reactor  activity  from  shutdovm  conditions  up  to 
about  200  watts. 

Neutron-counting  system  for  use  as  a  basic  meas- 
\iring  device  for  neutron  flux  over  a  wide  range. 

Trip  circuit  for  shutting  down  the  reactor  when 
the  reactor  power  becomes  excessive  and  for 
recording  the  reactor  po\-tfer. 

Logarithmic  system  for  indicating  the  reactor 
power  over  a  7-decade  range,  indicating  the 
rate  of  rise  of  reactor  power  and  protecting 
against  excessive  values  of  power  or  excessive 
rate  of  rise  of  power. 

Thermopile  system  for  indicating  and  recording 
reactor  power  at  high  levels  and  protecting 
against  excessive  power. 

Thermocouple  system  for  indicating  and  recording 
metal-cartridge  temperatures  and  protecting 
against  excessive  cartridge  temperatures. 


Thermocouple  system  for  indicating  and  recording 
graphite  temperature s . 

5.  Emergency-Shutdown  and  Alarm  Equipment 

The  safe  operation  of  the  reactor  requires  an  elaborate  inter¬ 
connection  of  components  vdiose  purposes  are  (l)  to  shut  down  the  reactor 
automatically  when  an  important  malfunction  occurs  and  (2)  to  signal  the 
operator  automatically  in  the  control  room  that  some  piece  of  equipment 
is  malfunctioning  or  that  operating  levels  have  been  exceeded-  Ninety- 
six  channels  are  provided  for  alarm  purposes,  fifty-six  of  which  also 
cause  automatic  shutdown  of  the  reactor- 
6-  EadiatiQQ->lQnltojring  System 

To  monitor  tmdesirable  radiation  external  to  the  reactor  itself 
three  radiation— monitoring  systems  are  provided.  One  records  radioactive 
content  of  the  stack  gases*  The  second  records  radioactive  accuinulat ion 
on  the  filters  in  the  coolant  exit  ducts-  The  third  records  the  gamma- 
ray  activity  at  eight  selected  positions  in  the  reactor  building. 

The  stack-air-act ivlty  system  has  its  primary  element  located 
in  the  fan  room.  Activity  indications  appear  on  a  local  recorder  and  on 
a  remote  recorder  in  the  control  room.  The  exit-filter-activity  system 
has  a  similar  functional  arrangement  except  that  the  primai-y  elecients  are 
in  the  reactor  building.  Both  systems  are  interconnected  with  the  alarm 
annunciator  to  warn  the  operator  of  excessive  activity. 

The  building-radiation  monitors  detect  and  indicate  locally 
gamma-ray  activity  and  record  remotely  in  the  control  room  on  an  eigiit- 
point  strip-chart  recorder.  An  Interconnection  with  the  alarm  annunciato 


is  also  provided 
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7.  Scope  of  Subsequent  Chapters 

The  next  five  chapters  of  this  book  discuss  in  detail  the 
five  systems  enumerated  above.  Two  additional  chapters  are  included 
to  describe  the  control  room  and  the  equipment  room. 

hach  chapter  comnences  with  a  statement  of  the  function  of 
each  system  and  then  describes  in  detail  the  equipment  furnished  as 
part  of  the  system.  A  parts  list  and  a  list  of  references  are  also 
inc luded. 


CHAPffisiB  II 


CONTROL-HOD  DRIVES 


1. 

The  Brookhaven  Nuclear  Reactor  is  controlled  hy  sixteen  rods 
arranged  and  numbered  as  shown  in  Figure  1.2,  Chapter  I.  The  physical 
arrangement  of  equipment  located  on  the  southeast  rod  structure  is  ^own 
in  Figure  2.1.  The  arrangement  of  equipment  on  the  southwest  rod  structure 
is  similar  except  that  all  eight  rods  are  emergency  rods.  All  rods  except 
9  and  15  are  designated  emergency  rods.  The  emergency  rods  are  used  for 
coarse  control  of  reactor  power  and  for  shutting  down  the  reactor  quickly 
in  response  to  the  emergency-shutdown  system.  Rods  No.  9  and  15  are 
designated  regulating  rods  and  are  equipped  with  drives  to  permit  accurate 
manual  control  of  reactor  power.  In  addition,  Rod  No.  15  can  be  used  for 

automatic  control  of  reactor  power.  Hence,  we  have  three  systems  of  rod 

control  which  are  called: 

Emergency^Rod  System 
Regulating-Rod  System — Hod  No.  9 
Regulating-Rod  System — Rod  No.  15 
The  emergency-rod  system  provides  the  operator  with  a  selector 
switch  and  a  set  of  push  buttons  with  which  he  can  move  any  of  the  emer¬ 
gency  rods  in  either  direction  at  either  high  or  low  speed,  except  during 
shutdown.  When  a  shutdown  signal  is  received,  the  operator's  signals  are 

overridden  and  all  emergency  rods  are  inserted  at  hi^  speed.  Each 

emergency-rod  drive  also  includes  a  flywheel  storing  sufficient  energy 
to  insert  the  rod  in  case  of  electric— power  failure.  In  response  to  an 
emergency- shut  down  signal,  the  emergency— rod  drives  can  move  the  rods 
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from  minimum  to  maxlBnim  insertion  in  less  than  five  seconds.  In 
response  to  signals  from  the  push  buttons,  the  drives  can  move  the 
rods  at  speeds  up  to  one  foot  per  second.  The  emergency  rods  can 
also  be  moved'  by  means  of  hand  cranks  without  using  the  power  drives. 

Hegulating  Hod  No.  9  has  an  independent  control  system. 
Through  push  buttons  mounted  on  the  console,  the  operator  can  move 
the  rod  in  or  out  at  either  high  or  low  speed.  The  rod  is  inserted 
at  high  speed  in  response  to  all  emergencies  except  power  failure. 

Since  the  regulating-rod  drive  has  no  energy- storage  device,  this 
rod  can  not  be  moved  without  electric  power. 

Jfor  Hegulating  Hod  No.  15,  a  selector  switch  on  the  console 
enables  the  operator  to  choose  either  manual  or  automatic  control*  In 
manual  control  the  rod  is  operated  in  the  same  manner  as  Hod  No.  9, 
through  push  buttons  located  on  the  console.  Automatic  control  of  this 
rod  is  provided  to  assist  the  operator  in  bringing  the  reactor  up  to 
power  without  excessive  overshoot.  It  can  be  used  also  to  hold  the 
reactor  automatically  at  a  preset  power  level.  Like  Rod  No.  9, 

Hod  No.  15  is  inserted  at  high  speed  in  response  to  all  emergencies 
except  electric  power  failure. 

All  rods  are  provided  v/ith  limit-stop  devices  to  prevent 
motion  beyond  the  normal  range  of  oi^eration.  Buffer  stops  are  also 
provided  to  prevent  equipment  damage  in  the  event  of  limit-stop  failure. 
2.  Lmergejicy-Eod  Syatem— &ene.ral  Se^aription 

The  emergency-rod  system  is  shown  schematically  in  Figure  2.2. 
A  selector  switch  and  push  buttons  on  the  console  permit  the  operator  to 


FIGURE  2.2  EMERGENCY-ROD  SYSTEM 


move  any  emergency  rod  at  his  discretion  when  the  reactor  is  not  in 
shutdown.  An  emergency- shut down  signal  overrides  operator*  s  signals 
and  actuates  all  fourteen  emergency-rod  drives  simultaneously. 

Each  emergency  rod  is  attached  to  and  driven  hy  a  rack.  The 
rod  itself  is  at  all  times  completely  within  the  lead  shielding  or  the 
reactor.  The  length  of  rack  within  the  shielding  is  supported  hy  the 
slideways.  That  extending  beyond  the  lead  shielding  is  supported  and 
guided  laterally  by  a  series  of  rack-bearing  supports  fastened  to  the 
rod  structure  along  the  path  of  rack  motion. 

To  prevent  overtravel  of  the  rod  and  rack,  a  buffer  stop  which 
acts  directly  on  the  rack  is  mounted  on  the  end  of  the  rod  structure  near 
the  reactor.  Mounted  on  the  buffer  stop  and  meshed  with  the  rack  is  the 
drive  pinion.  The  drive  pinion  is  driven  through  a  gear  reducer  by  a 
constant-displacement  hydraulic  motor.  Oil  is  supplied  to  the  hydraulic 
motor  by  a  variable-displacement  pump.  A  stroke  control  attached  to  one 
side  of  the  pump  housing  controls  the  quantity  and  direction  of  oil  sup¬ 
plied  by  the  hydraulic  ptimp.  The  stroke  control  contains  a  torque-motor 
to  respond  to  signals  from  the  operator  and  a  solenoid  to  respond  to 
signals  from  the  emergency- shut down  system.  A  solenoid  actuated  by-pass 
valve  also  mounted  on  the  pump  prevents  creep  of  the  hydraulic  motor  and, 
consequently,  of  the  rod  when  no  motion  is  desired.  The  torque  of  the 
hydraulic  motor  is  limited  by  a  double-acting  relief  valve  which  by-passe 
high-pressTire  oil  across  the  high-pressure  Lines  of  the  pump  when  the 
pressure  becomes  excessive.  The  hydraulic  pump  is  driven  by  an  electric 
motor  equipped  with  a  tachometer  generator  for  motor-speed  indication. 
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A  flywheel  mounted  on  the  drive  shaft  between  the  drive  motor  and 
the  pomp  provides  energy  to  insert  the  rod  if  electric  power  fails# 

A  selector  switch  and  a  group  of  four  push  buttons  mounted 
on  the  console  enable  the  operator  to  select  the  desired  rod,  to  itiove 
it  either  in  or  out  at  high  or  low  speed.  Signals  from  the  push 
buttons  actuate  relays  in  the  speed-control  cabinet,  TB136,  in  the 
equipment  room  which  (l)  remove  voltage  from  the  by-pass  solenoid, 
thus  closing  the  by-pass  across  the  pump,  (2)  apply  appropriate  voltage 
to  the  torque  motor  in  the  stroke  control  of  the  selected  rod,  and 
(3)  remove  voltage  from  the  other  push  buttons  so  that  depressing  one 
of  them  produces  no  effect.  Also  mounted  in  cabinet  TB136  are  the 
phase-shifting  transformers,  constant-voltage  transformers,  and 
variable-voltage  auto-transformers  which  supply  voltage  to  the  torque 
motor. 

An  emergency- shut down  signal  to  the  emergency-rod  drive  is 
the  removal  of  power  from  the  emergency- shutdown  solenoid  in  the  stroke 
control.  De-energizing  this  solenoid  permits  a  spring  to  move  the  stroke 
control  so  that  the  pump  is  on  full  stroke  in  the  direction  t.o  insert  the 
rod. 

Push  buttons  mounted  on  Control  Panel  M  in  the  control  room 
start  and  atop  the  electric  motors  which  drive  the  hydraulic  pumps.  One 
pair  of  push  buttons  is  provided  for  each  motor.  The  push  buttons  actuate 
motor  contactors  in  the  control  centers  which  are  loca.ted  near  the  rod 
structures.  Speed  indicators  mounted  directly  above  the  push  buttons 
receive  signals  from  tachometer  generators  coupled  to  each  motor. 

Other  components  in  each  pump  assembly  are  a  limit- atop  mechanism, 
a  pressure  gauge,  and  a  pressvire  switch#  The  limit-stop  mechanism  is  driven 


l5y  the  rack  through  the  limit-stop  pinion*  Its  output  drives  the 
stroke  control  to  neutral  when  either  limit  of  normal  travel  of  the 
rod  is  reached.  The  pressure  gauge  indicates  the  pressure  supplied 
by  a  email  auxiliary  gear  pump  inside  the  main  pump  housing.  This 
pump  supplies  oil  to  replenish  the  main  pump  as  well  as  oil  to  operate 
the  stroke  control.  The  pressure  switch  sends  a  shutdown  signal  to  the 
eraergency-shutdown  system  when  the  pressure  falls  below  a  predetermined 
value . 

The  specifications  of  the  emergency— rod  drives  are  as  follows: 

Maximum  tl:iru8t  on  rod,  approximately  600  lb 
(at  1500  psi  oil  pressure) 

Maximum  speed  of  rod  during  Ja^SD,  approximately 
5.5  ft/ sec 

Maximum  speed  of  rod  being  withdrawn  from  reactor, 
approximately  1.2  ft/sec 

Maximum  speed  of  rod  being  inserted  under  control 

of  operator,  approximately  2  ft/sec  (adjustable) 

Minimum  dependable  speed,  in  or  out,  approximritely 
0.2  ft/ sec 

3.  ^x^ency-Rod  System-- Qperat ion 

3a.  Electric  Drive-Motor  Control 

To  start  the  emergency-rod  drives,  the  operator  must  first 
start  each  of  the  electric  drive  motors.  Because  of  the  long  starting 
time  of  these  motors,  a  dual  contactor  type  of  motor  control  is  used. 

One  contactor  is  equipped  with  high-current  thermal  overload  elements 
and  is  used  for  starting  the  motor.  A  second  contactor  equipped  with 
thermal  overload  elements  set  for  the  normal  overload  current  of  the 
drive  motor  is  used  v/hen  the  motor  is  running  at  full  speed.  When  the 
starting  contactor  is  closed,  an  indicating  lamp  above  the  start  and 
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stop  push  buttons  Is  illuminated.  This  lamp  is  not  illuminated  when 
tlie  motor  is  energized  through  the  running  contactor,  or  vAien  tlie 
motor  is  without  power.  An  auxiliary  contact  on  the  running  contactor 
controls  power  to  an  auxiliary  relay,  the  contacts  of  which  are  con¬ 
nected  to  the  emergency-shutdown  system.  Hence,  loss  of  voltage  at 
any  emergency-rod  drive  motor  shuts  down  the  reactor. 

A  schematic  diagram  of  the  control  circuit  of  a  single  motor 
is  shown  In  i’igure  2.3.  The  push  buttons  and  indicating  lamp  are  located 
on  section  five  of  Control  Panel  M.  The  contactors  for  Rods  No.  10  to 
14  and  16  are  located  in  control  center  P19  eoid  the  contactors  for 
Rods  No.  1  to  8  are  in  control  center  P20.  (See  Figure  1.1,  Chapter  I, 
for  physical  locations  of  control  centers.)  Power  for  the  control  circuit 
is  supplied  at  110  volts  from  a  440-110  volt  transformer.  Depressing  the 
START  button  applies  voltage  through  the  normally-closed,  stop-button 
contacts  to  the  coil  of  the  STAETING  CONTACTOR  and  through  a  normally 
closed  contact  of  RHLAY  RX  to  the  INDICATING  LAMP,  '^en  the  STARTING 
contactor  closes,  voltage  is  applied  to  the  motor  through  the  main 
starting  contacts.  One  of  the  auxiliary  contacts  closes  a  holding 
circuit  through  the  normally-closed  contact  of  RDLAY  RX.  The  second 
auxiliary  contact  puts  voltage  on  one  terminal  of  the  normally-closed 
contacts  of  the  START  push  button. 

Releasing  the  START  push  bu^ton  now  applies  voltage  to  the 
coil  of  the  RUNNING  CONTACTOR,  closing  its  main  contacts.  An  auxiliary 
contact  on  the  RULING  CONTACTOR  parallels  the  holding  auxiliary  contact 
on  the  starting  CONTACTOR  in  the  coil  circuit  of  the  RUNNING  CONTACTOR. 
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A  second  auxiliary  contact  on  the  RUNIUNG  COOTACTOH  energizes  KbILAI  EX. 
When  HSLAI  BX  operates^  its  normally-closed  contacts  open,  dropping  out 
the  STARTIKG  CONTACTOE.  Its  norn^lly-open  contacts  close,  energizing 
the  emergency-shutdown  circuit. 

To  start  a  motor,  the  START  push  button  is  depressed  and  held 
until  the  corresponding  motor  ^eed  indicator  reads  1600  rpm.  The  push 
button  is  then  released  as  the  motor  speed  continues  to  rise  to  its 
normal  value  of  1760  rpm.  The  red  INDICATING  LAMP  which  was  illuminated 
while  the  START  button  was  depressed  goes  out  when  the  push  button  is 
released. 

3b. 

When  the  reactor  is  under  control  of  the  operator,  any  one  of 
the  emergency  rods  can  be  moved  by  rotating  the  selector  switch,  C28,^ 
on  the  console  to  the  desired  rod  number  and  depressing  the  proper  push 
button  for  in-fast,  in-slow,  out-fast,  or  out-slow  motion  of  the  rod. 

When  one  of  these  push  buttons  is  depressed,  relays  in  equipment  cabinet 
TB136  in  the  equipment  room  (1)  open  the  circuit  through  the  other  three 
push  buttons  to  render  them  inoperative,  (2)  apply  voltage  to  both  phases 
of  the  two-phase  torque  motor  of  the  selected  emergency-rod  drive,  and 
(3)  de-energize  the  by-pass  solenoid  of  the  selected  emergency-rod  drive. 
A  schematic  diagram  of  the  speed-control  circuit  is  shown  in  Eigure  2.4. 
Power  for  the  torque  motors,  as  well  as  the  relays,  is  supplied  at 
440  volts,  three-phase,  transformed  to  120  volts,  two-phase,  and  regulated 
at  110  volts  by  two  single-phase  voltage-stabilizing  transformers.  Four 

^Instrument  numbers  appearing  in  the  text  refer  to  atn  instrument  list 
Issued  separately. 


adjustable  auto-transf orners  (Variacs)  supply  voltage  to  the  torque- 
motor  control  field  at  the  level  required  to  obtain  the  desired  rod 
speeds.  Power  to  the  by-^pass  solenoids  is  supplied  through  the 
emergency-shutdown  contactor  so  that  the  by-pass  solenoids  of  all 
drives  will  be  de-energized  when  an  emergency  shutdown  occurs.  The 
equipment  in  equipment  cabinet  TB136  is  further  described  in 
Chapter  VIII. 

If,  for  example,  Rod  No.  6  is  to  be  moved  out  slowly,  operation 
of  the  circuit  is  as  follows  (see  Figure  2.4).  The  selector  switch  is 
set  at  5,  and  the  OUT-SLOW  push  button  is  depressed.  Depressing  the 
push  button  energizes  the  coil  of  RELAY  OS,  opening  the  normally-closed 
contacts  of  RELAY  OS  between  the  other  three  push  buttons  and  their  re lay i 
Normally-open  contacts  of  RELAY  OS  close,  energizing  selector  RELiY  3R5. 


Closing  the  SR5  contacts  in  the  torque-motor  reference-field  circuit 
applies  voltage  to  this  torque-motor  field.  Closing  the  OS  relay  contact 
and  the  bR5  relay  contacts  in  the  torque— motor  control— f ield  circuit 
applies  the  voltage  output  of  the  OS  Variac  to  the  control  field.  When 
selector  relay  SH5  is  energized,  its  normally— closed  contacts  open, 
de-energizing  the  by-pass  solenoid  on  the  hydraulic  pump.  Operation  is 
similar  for  out— fast,  in— slow,  and  in— fast  operation.  02:)eration  of  all 
other  emergency  rods  is  identical  to  operation  of  Rod  No.  5. 


Rack 


Each  of  the  sixteen  racks  is  approximately  32  feet  long  made  up 
of  six  sections  each  two  inches  square  and  64  inches  long.  Lap  Joints 
backed  up  b^  a  splice  plate  are  used  to  hold  the  sections  of  rack  together 


The  teeth  have  full-depth  involute  form,  with  20-degree  pressure  angle  and 
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ten  diainetral  pitch.  Machined  in  the  tv/o  vertical  sides  of  the  rack 
near  each  end  are  slots  v/hich  are  en^^aged  by  the  buffer  stop  if  the 
rod  should  move  beyond  its  normal  limits  of  travel.  Each  rack  is 
attached  to  its  rod  by  means  of  a  simple  lap  joint.  Three  dowel  pins 
and  six  screws  hold  the  two  pieces  firmly  together. 

4b.  Rask.,Be..^xiAg  .Supports 

Nine  rack  bearing  supports  are  installed  under  each  rack  to 
support  and  guide  it.  These  supports  are  secured  to  the  structure  and 
are  spaced  along  the  rack  path,  as  shown  in  Pigure  2.1.  hach  consists 
of  a  wedge-plate  weldment,  two  leveling  wedges,  and  a  base  casting  v;hich 
supports  a  bottom  roller  and  two  side  rollers.  The  assembled  support  is 
shown  in  Pigure  2.5  and  a  disassembled  view  is  shown  in  Pigure  2.30. 

The  plate  weldment  forms  the  base  for  the  assembly  and  has  two 
angles,  each  with  two  bolt  slots,  for  the  bolts  which  attach  it  to  the 
structure.  V/hen  the  support  is  installed,  shims  are  inserted  between 
the  angles  and  the  structural  channels  to  compensate  for  variations  in 
structural  dimensions.  The  vertical  bolt  slots  in  the  angles,  and  similar 
horizontal  slots  in  the  structure  channels,  permit  rougli  vertical  and 
horizontal  adjustment.  Three  leveling  screws,  with  their  lower  ends 
bearing  on  the  support  structure,  provide  for  precise  leveling  of  the 
roller  assembly.  Pine  vertical  adjustment  is  accomplished  by  a  matched 
pair  of  wedges  under  the  base  casting.  During  wedge  adjustment  the  three 
aligning  bolts  prevent  longitudinal  movement  of  the  casting.  These  bolts 
are  also  used  to  align  the  bottom-roller  shaft  at  right  angles  with  the 
rack  centerline.  The  bottom  roller  is  mounted  on  ball  bearings,  and  the 
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two  side  rollers  on  roller  bearings  which  are  carried  on  eccentric 
axles  to  permit  fine  transverse  adjustment* 

4c.  Stw 

The  overtravel  stop,  shown  in  Figure  2*6,  prevents  damage 
from  overtravel  of  the  rod  in  case  the  automatic  stop  devices  are 
inoperative.  On  each  of  the  emer gency-rod  drives,  it  also  serves  as 
a  mounting  for  the  drive  pinion  and  its  support  rollers,  and  for  the 
limit-stop  pinion* 

The  overtravel  stop  consists  of  a  box-like  welded  frame,  a 
pair  of  slidewaya,  a  pair  of  stop— slide  assemblies,  two  buffer  springs, 
two  spring  plates,  and  a  spring-guide  arrangement.  The  slide ways  are 
bolted  and  doweled  to  the  frame,  and  carry  the  stop-slide  assemblies* 
The  two  stop— slide  assemblies  are  similar,  each  consisting  of  a  stop- 
glide  v/eldment  and  the  spring-loaded  stop  pawls,  which  engage  the 
machined  slots  in  the  sides  of  the  racks.  ViThen  the  rod  is  not  in 
overtravel,  the  sma.!!  rollers  mounted  in  the  pawls  are  forced  against 
the  rack  by  the  pawl-loading  spring,  and  the  inside  faces  of  the  pawls 
are  approximately  parallel  to  the  rack  sides.  When  the  rod  approaches 
overtravel,  the  slots  in  the  rack  permit  the  pawls  to  move  out,  approx¬ 
imately  as  shown  in  Figure  2.6,  and  engage  the  bottoms  of  one  pair  of 
slots  in  the  rack.  T}^  pawls  pivot  around  pins  in  holes  large  enough 
to  permit  the  end  of  the  pawl  which  stays  in  the  frame  weldment  to  be 
pushed  against  a  formed  surface  in  the  weldment.  Hence,  the  pawl- 
pivot  pins  do  not  carry  the  force  necessary  to  stop  the  rod.  The  two 
buffer  springs  are  of  the  helical,  compression  type,  one  of  them  being 
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large  enoxi^  to  fit  over  the  other.  They  are  gaided  hy  a  telescoping 
tube  and  rod  which  fasten  to  the  two  spring  plates  against  which  the 
ends  of  the  two  springe  bear.  The  lengths  of  the  springs  and  welded 
frame  arf  such  that  the  springs  normally  press  the  stop-slide  assemblies 
against  the  end  plates  of  the  frame  with  a  preload  of  approximately 
one  hundred  pounds* 

Action  of  tl^  overtravel  stop  is  as  follows.  The  rollers 
on  the  pawls  are  initially  against  the  flat  sides  of  the  rack.  As  the 
rod  moves  beyond  the  normal  limit  of  travel,  the  rollers  fall  into  the 
slots  in  the  rod,  permitting  the  free  end^of  the  pawl  to  move  into  the 
slots  in  the  rod.  When  the  ends  of  the  slots  engage  the  ends  of  the 
pawls,  the  stop-slide  assembly  begins  to  move,  pushing  its  spring 
plate  with  it.  As  the  spring  is  compressed,  the  load  is  transmitted 
thro\igh  the  spring  and  the  stop-slide  assembly  not  being  moved,  to  the 
frame.  The  springs  are  capable  of  stopping  an  emergency  rod  traveling 
at  5.6  feet  per  second  and  opposed  by  maximum  thrust  of  the  emergency- 
rod  drive  in  a  distance  of  10  l/2  Inches. 

4do  ,  flnXsm 

The  drive  pinion,  which  transmits  power  from  the  emergency- 
rod  drive  to  the  rack,  is  mounted  at  the  end  of  the  overtravel  stop 
toward  the  reactor.  The  pinion  has  a  face  width  of  two  inches.  The 
teeth  have  full-depth  involute  form,  with  2O-degr0e  pressure  angle  and 
ten  diametral  pitch* 

This  pinion  is  forged  integrally  with  its  shaft  and  is  mounted 
in  caamercial  ball-bearing  pillow  blocks,  as  shown  in  Figure  2.6.  One 
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end  of  the  shaft  has  a  kej’vay  for  coupling  to  the  drive  mechanism.  In 
the  units  for  the  emergency  rods,  the  other  end  of  the  shaft  carries 
an  extension  with  a  keyway  to  engage  the  hand  crank.  Immediately  below 
the  drive  pinion  on  the  over  travel-stop  frame  is  mounted  a  rack-hearing 
support  without  the  base  weldment.  This  support  assures  proper  mesh 
between  rack  and  drive  pinion.  Slotted  holes  in  the  overtravel  stop 
weldment  permit  adjustment  of  the  bearing  cartridges  for  proper  pinion 
mesh  with  the  rack.  After  adjustment,  the  setting  is  secured  by  dowels. 

4e.  Liffiit-_St cm.  Pinion 

A  limit-stop  pinion  assembly  is  bolted  to  the  overtravel  stop 
for  each  of  the  emergency  rods,  as  shown  in  Pigure  2.6.  The  assembly, 
illustrated  in  Figure  2.7,  includes  a  base  casting,  two  roller  bearings, 
and  a  pinion.  The  pinion  has  a  one-inch  face  width  with  40  teeth  of 
10  diametral  pitch.  Tooth  form  is  full— depth  involute  v/ith  20-degree 
pressure  angle.  The  pinion  shaft  is  splined  for  coupling  to  the  shaft 
from  the  limit-stop  mechanism. 

4f •  Hand  Crank 

A  lever-and-ratchet  mechanism,  shown  in  Figure  2.8,  provides 
for  movement  of  the  emergency  rods  in  case  the  power  drives  are  inactive. 
There  are  fo’orteen  such  cranks,  one  for  each  emergency  rod.  When  not*’ in 
use,  each  hand  crank  is  stowed  on  a  special  bracket  on  the  main  girder 
near  its  power  drive.. 

The  crank  consists  of  a  lever  arm  carrying  a  ratchet  wheel  and 
a  pawl.  The  length  of  the  lever  arm  provides  a  mechanical  advantage  of 
approximately  6  to  1.  The  ratchet  is  bored  to  fit  over  the  extension 
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on  the  shaft  of  the  drive  pinion.  A  key  fixed  in  the  ratchet  bore 
engages  a  keyway  in  the  shaft.  The  pawl  is  held  out  of  engagement 
by  a  “deadinan*^  spring  unless  a  grip  on  the  lever  arm  l^ndle  is  grasped. 

4g.  hjiergencji^ijrive  UMt 

This  unit  consists  of  a  hydraulic  motor  and  a  speed  reducer 
coupled  by  a  flexible  coupling  and  mounted  on  a  base  weldment  as  shown 
in  figure  2.9.  Maximum  torque  at  the  output  of  the  speed  reducer  is 
approximately  125  foot-pounds,  which  produces  a  600-pound  thrust  on 
t\)e  rack.  Maximum  speed  of  the  output  shaft  is  approximately  250  rpm, 
which  produces  a  maxinrom  rack  sjjeed  of  approximately  5.5  feet  per  second. 
The  emergency  drive  units  are  bolted  to  the  control-rod  structure  in  the 
locations  shown  in  figure  2.1. 

The  ^eed  reducer  is  a  commercial  unit  (Philadelphia  Gear  Works, 
Size  310^,  Type  LX)  liaving  a  speed  reduction  of  3.36  to  1.  It  has  an 
intermittent  torque  rating  of  475  inch-pounds  at  the  input  shaft. 

The  hydraulic  motor  is  a  commercial,  constant-displacement, 
eleven-piston  motor  (The  Oilgear  Company  Type  H-811)  of  the  axial-piston 
type,  in  this  type  of  motor,  output  speed  is  proportional  to  rate  of 
oil  supplied  (neglecting  leakage)  and  output  torque  is  proportional  to 
pressure  drop  across  the  pump.  Output  sliaft  rotation  can  be  reversed 
by  reversing  the  direction  of  oil  flow.  The  motor  lias  a  displacement 
of  1.914  cubic  inches  per  revolution.  Its  peak  torque  rating  is 
480  inch-pounds  at  1650  pounds  per  square  inch.  V/hen  driven  by  the 
pumping  unit  used  in  this  applicant  ion,  it  will  develop  a  maximum  speed 
of  approximately  940  rpm. 


HYDRAULIC  MOTOR  SPEED  REDUCER 


FIGUKE  2.9  EMERGENCY  DRIVE  UNIT 
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4h.  pyje^^ncy-i^imp  Assembly 

ilach  emergency  drive  tinit  receives  power  from  its  emergency- 
pump  assem'bly.  The  hydraulic  motor  of  the  emergency  drive  unit  and 
the  pump  of  the  emergency-pump  assembly  comprise  a  variable  speed, 
reversible,  hydraulic  transmission.  The  transmission  is  powered  by 
an  electric  motor  and  provided  with  a  flywheel  to  supply  enough  energy 
to  insert  the  emergency  rod  in  case  electric  power  fails.  All  fourteen 
pump  assemblies  are  identical  except  for  the  piping  between  hydraulic 
pump  and  motor,  and  the  gear  train  in  the  limit-stop  mechanism,  liight 
of  these  items  are  right-handed  and  six  are  left-handed.  Otherwise 
they  are  identical.  The  erne rgency-pump  assembly  consists  of  the  electric 
motor,  flywheel,  and  pump  mentioned  above,  mounted  on  a  base  weldment 
with  their  associated  stroke  control,  limit-stop  mechanism,  tachometer 
generator*  pressure  switch  and  pressure  gauge.  An  assembly  is  shown 
in  figure  2.10. 

The  hydraulic  waaro  is  a  modification  of  the  Type  AH311  variable- 
delivery,  radial-piston  pump  manufactured  by  The  Oilgear  Company.  Delivery 
of  the  pump  is  varied  by  changing  the  stroke  of  the  pistons,  fist on  stroke 
is  controlled  by  the  position  of  the  stroke  ring  against  which  the  outer 
ends  of  the  pistons  bear.  Pump  delivery  can  be  varied  continuously  from 
zero  to  maxiinum  for  either  direction  of  oil  flow  through  the  pump.  The 
modified  pump  has  a  maximum  displacement  of  1.03  cubic  inches  per  revolu¬ 
tion*  is  driven  at  1765  rpm,  and  has  a  continuous  rating  of  1100  psi.  It 
is  equipped  with  roller  bearings  on  the  slide  block  to  reduce  slide-block 
stroking  force.  Piping  between  the  pump  and  motor  is  of  stainless  steel. 
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FIGURE  2.10  EMERGENCY  PUMP  ASSEMBLY 
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JTlange-type  ends  are  silver  soldered  to  the  tubes.  The  sealing  elements 
are  neoprene  0-rings. 

The  auxiliary  and  control  devices  connected  to  the  pump  are 
shovm  schematically  in  the  oil  circuit  diagram  of  Figure  2.11.  Inc^luded 
in  the  main-pump  housing  are  the  gear  pump,  the  pressure  regulator  valve, 
the  filter,  the  replenishing  check  valves,  the  high-pressure  relief  valve, 
and  the  by-pass  valve.  Mounted  on  the  sides  of  the  pump  are  the  stroke 
control  and  back-up  piston  which  together  control  the  stroke  of  the 
main  pump,  and  thus  the  speed  of  the  hydraulic  motor  in  the  emergency- 
drive  unit.  Mounted  on  the  base  weldment  of  the  emergency  pump  assembly 
are  the  pressure  gauge  and  pressure  switch. 

The  s-ump,  not  shown  in  Figure  2.11,  is  a  reservoir  in  the  base 
weldment,  of  approximately  6-1/2  gallons  capacity,  into  which  all  leakage 
is  discharged  and  from  which  is  pumped  all  oil  for  the  main  hydraulic 
system  and  the  control  system.  A  sight  gauge  is  provided  for  ease  in 
checking  oil  level. 

The  gear  pump  delivers  oil  from  the  sump,  under  pressure,  to 
the  control  and  the  replenishing  systems.  This  gear  pump  has  a  displace¬ 
ment  of  0.49  cubic  inches  per  revolution,  and,  consequently,  a  delivery 
of  857  cubic  inches  per  minute  when  the  pump  is  being  driven  at  normal 
operating  speed.  The  gears  of  this  pump  are  helical  to  provide  quiet 
operation.  One  gear  of  the  p\imp  is  driven  directly  by  the  main-pump  shaft. 

The  pressure  of  the  oil  delivered  by  the  gear  pump  is  controlled 
by  the  replenishing  pressure  regulator.  This  regulator  is  set  to  maintain 
a  pressure  of  approximately  100  psi.  iixcess  oil  from  the  gear  pump  is 
returned  to  the  sump. 


HYDRAULIC  MOTOR 


FIGURE2.il  OIL  CIRCUIT  FOR  EMERGENCY-  ROD  DRIVE 


All  oil  used  for  replenishing  and  stroke  control  passes 
througli  the  filter  to  prevent  pieces  of  extraneous  matter  from 
harming  accrorately  machined  pai'ts.  This  filter  element,  of  the  wire- 
wound  type  iiaving  0.C015-lnch  spacing  between  wires,  is  manufactured 
by  Furolator  Company.  (No.  22924PH,  3  1/2  Inches  long,  15/16  inch 
diameter. ) 

Oil  leaking  from  the  main  pump  and  hydraulic  motor  is 
resupplied  by  oil  flowing  through  the  replenishing  check  valves,  iiither 
of  these  valves  will  open  to  permit  oil  at  100  psi  to  flow  to  the  high- 
pressure  oil  line  to  which  it  is  connected,  but  will  close  when  the 
pressaire  in  the  high-pressure  line  exceeds  100  psi.  This  arrangement 
prevents  cavitation  of  the  oil  in  the  high-pressure  system  and  forces 
the  pistons  of  the  hydraulic  motor  against  their  thrust  bearing. 

The  high-pressure  relief  valve  and  the  by-pass  valve  are  con¬ 
nected  across  the  high-pressure  lines  of  the  pump.  The  high-pressure 
relief  valve  is  double  acting,  and  is  set  by  the  preload  in  its  spring 
to  permit  high-pressure  oil  to  flow  from  one  line  to  the  other  when 
the  pressure  in  either  line  exceeds  1750  psi.  This  relief  valve,  by 
limiting  the  maximum  ^^ressure  delivered  by  the  pump,  acts  as  a  torque- 
limiting  device  for  the  hydraulic  motor,  thus  preventing  damage  to  the 
equipment  driven  by  the  motor,  as  well  as  preventing  damage  to  the  pump 
and  motor  themselves. 

Because  it  is  impossible  to  hold  the  pump  displacement  exactly 
at  zero  for  protracted  periods  of  time,  a  spring-loaded,  solenoid- 
operated  by-pass  valve  is  placed  across  the  high-pressure  pomp  lines. 


When  no  motion  of  the  rod  is  desired,  the  solenoid  is  energized,  and 
the  valve  hy-passes  the  small  quantity  of  oil  which  may  be  delivered 
by  the  pump*  When  the  rod  is  to  be  moved,  the  solenoid  is  de-^nergized, 
and  the  by-pass  is  blocked,  forcing  the  entire  pump  delivery  to  pass 
through  the  hydraulic  motor.  However,  the  by-pass  is  small  enough  to 
permit  the  pump  to  develop  full  1650  pounds  pressure  in  the  rod-in 
direction,  even  if  the  by-pass  valve  should  fail  to  close. 

A  p re 8 sure  gauge  indicates  replenishing  pressure  at  all  times. 

A  pressure  switch  monitors  oil  pressure  in  the  replenishing 
system  continuously.  This  switch  is  connected  to  the  emergency-shutdown 
system  and  is  set  to  close  at  approximately  80  psi  and  open  at  approxi¬ 
mately  60  psi.  It  is  a  Class  9013,  Type  ASW-IDPR  pressure  switch  manu¬ 
factured  by  Square-D  Company,  and  comes  equipped  with  an  oil-resisting 
diaphragm  and  a  pulsation  plug. 

The  stroke  control,  shown  schematically  in  Figure  2.12  and 
pictorially  in  Figure  2.13,  controls  the  delivery  of  the  main  pump. 
Components  of  the  stroke  control  are  enclosed  in  a  housing  attached 
to  the  main-pump  housing.  A  separate  housing  encloses  the  limit-stop 
assembly  from  which  a  connecting  sliaft  enters  the  stroke-control  housing. 
The  main  components  of  the  stroke  control  are  a  torque  motor,  a  hydraulic 
amplifier,  and  an  emergency-shutdown  solenoid.  The  torque  motor,  acting 
in  response  to  signals  from  the  operator's  console,  causes  the  amplifier 
to  put  the  hydraulic  pump  on  zero  (neutral),  small,  or  medium  stroke. 

The  solenoid,  in  response  to  a  signal  from  the  emergency- shut do vm  system, 
causes  the  amplifier  to  put  the  pump  on  full  stroke  to  insert  the  rod. 
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The  torque  motor  is  a  two-phase  control  motor  (Diehl  type 
49-10-2)  capable  of  producing  a  torque  of  24  inch-ounces.  The  control 
field  is  supplied  by  an  adjustable  voltage,  through  Vnriacs,  from  the 
push  buttons  on  the  console.  The  reference  field  is  supplied  through 
a  variable  resistor  (250  ohms  maximum)  which  can  be  adjusted  to  assure 
the  same  speed  of  all  fourteen  rods  for  the  same  applied  voltage  on  the 
fourteen  torque-motor  control  fields.  A  calibrated  restraining  spring 
resists  rotation  of  the  torque-motor  rotor,  and  returns  it  to  neutral 
when  the  fields  are  de— energized.  A  wire  link  converts  rotation  of  the 
rotor  to  linear  motion  of  the  pilot  valve. 

The  hydraulic  amplifier  includes  a  backup  piston,  a  control 
piston,  a  pilot  valve  and  valve  sleeve,  a  feedback  lever,  and  a  dither 
mechanism*  The  two  pistons  are  arranged  to  exert  opposing  forces  on  the 
stroke  ring  of  the  pump.  The  oil  on  the  inner  sides  of  both  pistons  is 
ported  to  the  sump.  Oil  at  100  psi  is  ported  to  the  outer  face  of  the 
backup  piston,  while  the  oil  pressure  on  the  opposing  face  of  the  control 
piston  is  regulated  by  the  pilot  valve.  The  control  piston  area  is  twice 
that  of  the  backup  piston. 

The  pilot  valve  and  sleeve  compose  a  three-way  valve,  the 
center  land  of  the  valve  being  the  operating  part.  This  land  has  a 
positive  lap  of  0.010  inch  to  make  certain  that  the  port  in  the  sleeve 
closes.  It  is  surrounded  by  the  pilot-valve  sleeve  which  is  connected 
through  the  feedback  lever  to  the  control-piston  rod.  Oil  at  100  psi 
is  ported  to  the  inner  side  of  the  pilot-valve  land,  while  the  oil  on 
the  outer  side  of  the  land  is  ported  to  the  sump. 


Operation  of  the  mechanism  is  initiated  by  rotation  of  the 
torque  motor.  The  direction  and  magnitude  of  this  rotation  is  deter¬ 
mined  by  the  push  button  selected  by  the  operator.  If  the  motor  turns 
clockwise,  the  pilot  valve  moves  outward  porting  oil  at  100  psi  tO/  the 
control  piston.  This  pressure  forces  the  control  piston  inward  against 
the  same  pressure  on  the  smaller  area  of  the  backup  piston.  The 
resulting  stroke-ring  displacement  puts  the  pump  on  stroke  to  drive 
the  hydraulic  motor  in  the  direction  for  inward  rod  travel.  At  the 
same  time  the  feedback  lever  moves  the  pilot-valve  sleeve  outward  to 
close  the  port.  Thus,  control-piston  displacement  is  proportional  to 
that  of  the  pilot  valve. 

Counterclockwise  rotation  of  the  torque  motor  moves  the  pilot 
valve  in ward,  porting  the  oil  in  the  control— piston  cylinder  to  the  sump. 
The  pressure  on  the  backup  piston  can  then  move  the  stroke  ring  outward, 
reversing  the  pump  delivery  and  driving  the  rod  out  of  the  reactor. 

The  dither  mechanism  consists  of  a  driving  gear  on  the  pump 
shaft,  a  driven  gear  on  the  same  shaft  with  the  dither  eccentric,  and 
a  dither  rod  and  link,  one  end  of  which  is  the  feedback-lever  fulcrum. 

The  mechanism  imparts  a  vibratory  motion  of  small  amplitude  to  the  pilot- 
valve  sleeve  to  eliminate  starting  friction  between  the  pilot  valve  and 
sleeve.  The  amplitude  of  the  vibration  at  the  sleeve  is  not  sufficient 
to  port  oil  to  the  control  piston. 

The  emergency-shutdown  solenoid  is  normally  energized  and 
holds  its  plunger  out  against  the  ESD  sirring.  J'or  emergency  shutdown, 
the  solenoid  is  de-energized,  the  spring  forces  the  plunger  in,  and  the 
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lug  on  the  plunger  rod  moves  the  torciue-motor  arm  clockwise  far  enough 
to  cause  the  rod  to  be  inserted  at  full  speed. 

The  limit-stop  mechanism,  shown  schematically  in  figure  2.14 
and  pictorially  in  figure  2.15,  includes  a  gear  train,  two  cams,  and  a 
limit-stop  arm  and  its  shaft,  all  enclosed  in  a  housing  mounted  adjacent 
to  the  stroke-control  housing.  Additional  components,  the  limit-stop 
spool  with  its  pusher  rod,  and  an  extension  of  the  shaft  of  the  limit- 
stop  arm,  are  in  the  stroke  control  housing,  as  shown  in  Pigure  2.12. 

The  mechanism  is  driven  from  the  rack  by  the  limit-stop 
pinion.  Commercial  gears  of  twenty  diametral  pitch  and  3/8-inch  face 
width  are  used  throughout.  The  variation  in  the  gear  trains,  as  noted 
in  Pigure  2.14,  permits  use  of  otherwise  identical  stroke-control 
mechanisms  for  both  right  and  left-hand  drives.  Pinion  rotation  is 
transmitted  to  a  cam  plate  through  a  pair  of  universal  joints  and  the 
gear  train.  The  tivo  centering  spring  assemblies  keep  the  arm  at  its 
center,  or  neutral,  position  v^hen  the  cams  are  free  from  the  follower. 

A  forked  crank  (Figure  2.12)  engages  the  limit-stop  spool 
and  converts  rotation  of  the  shaft  from  the  limit-stop  arm  to  linear 
motion  of  a  push  rod,  which,  in  turn,  moves  the  torque-motor  arm.  There 
is  sufficient  lost  motion  betv;een  the  push  rod  and  the  torque -mo  tor  arm 
to  allow  normal  operation  by  the  torque  motor  or  the  emergency-shutdown 
solenoid. 

Contact  of  either  cam  with  the  follower  moves  the  limit- stop 
spool,  first  to  take  up  the  lost  motion,  and  then  to  return  the  torque- 
motor  arm  to  neutral  and  stop  rod  travel.  The  gear  ratios,  linkages, 
and  lost  motion  are  so  proportioned  that,  with  the  rod  traveling  at 
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mfiLxiimim  speed,  deceleration  begins  at  approximately  two  feet  from  the 
point  at  which  it  is  finally  stopped.  Since  displacement  of  the  torque 
motor  arm  is  proportional  to  rod  speed,  the  lost  motion  at  slower  speeds 
is  greater.  Thus,  the  beginning  of  deceleration  is  corre spending Ly 
nearer  the  limit  of  travel. 

The  range  of  cam  adjustment  is  such  that  rod  travel  can  be 
limited,  at  either  end,  to  any  point  within  six  feet  of  the  maximum 
design  limit.  Alternate  cams  are  provided  by  which  the  outward  travel 
can  be  stopped  at  any  point  between  six  and  twelve  feet  from  the  maximum 
limit . 

The  flywheel  assembly,  shown  in  Figure  2.16,  consists  of  a 
base  casting,  two  self-aligning  sleeve  bearings,  and  a  solid  disc  fly¬ 
wheel  forged  integrally  with  its  shaft.  The  base  casting  is  supported 
on  the  base  of  the  pump  assembly.  Tlie  flywheel  shaft  is  directly  coupled, 
at  one  end  to  the  electric  drive-motor  sliaft  and  at  the  other  end  to  the 
pump  shaft  (see  Figure  2.10). 

The  two  pedestals  supporting  the  bearings  are  hollow  to  form 
lubricating  oil  reservoirs.  Each  reservoir  is  equipped  with  a  modified 
commercial  constant-level  oil  control  to  maintain  the  oil  level  in  the 
reservoir  within  1/64  inch.  Oil  discs,  secured  to  the  shaft,  carry  oil 
to  the  bearings.  The  bearings  are  carried  in  spherical  bearing  holders 
to  provide  for  self-alignment. 

The  flywheel  is  a  solid  disc  twenty-one  inches  in  diameter  and 
4  1/2  inches  in  face  v/idth.  The  total  rotating  weight  is  approximately 
465  pounds,  which  stores  approximately  93,000  foot-pounds  of  energy  at 
1765  revolutions  per  minute. 
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A  guard  assembly,  consisting  of  a  top-cover  weldment  and  two 
leg  weldments,  encloses  the  wheel.  Suitable  sheet-metal  gtzards  cover 
the  rotating  shaft  couplings. 

The  electric  drive  motor  is  a  commercial,  3  h.p.,  three-phase, 
220/440-volt,  1740  rpm,  Code  J,  Model  SG226JA4-3,  induction  motor  manu¬ 
factured  by  the  Century  Klectric  Company.  It  is  a  standard,  sleeve¬ 
bearing  motor  with  a  low  starting-current  characteristic  to  prevent 
damage  to  the  windings  during  the  protracted  starting  time  required  to 
accelerate  the  flywheel.  Special  machining  of  tiie  rear-end  bell  was 
required  to  mount  the  tachometer  bracket.  To  provide  a  shaft  extension 
to  drive  the  tachometer,  the  rear  end  of  the  motor  shaft  was  tapped,  and 
a  threaded  shaft  extension  inserted. 

The  tachomet^^  generator  is  directly  driven  by  the  drive  motor 
through  a  flexible  coupling.  It  is  a  Westinghouse  Tyqie  A-80  induction 
generator  supported  by  a  bracket  attached  to  the  motor.  The  tachometer 
indicators,  V/estinghouse  Type  K24,  are  mounted  on  section  five  of 
Control  Panel  M  in  the  control  room.  They  are  designated  M13  to  M20, 

M22  to  M26,  and  M28,  irxcluslve.  M21  and  M27  are  spare  indicators. 

4i.  Control  fiauipmeiit  for  Drive  Motors 

The  motor  control  centers,  P19  and  P20,  are  manufactured  by 
Cutler-Hammer.  Equipment  in  them  which  controls  the  emergency-drive 
motors  is  as  follows: 

Air  Circuit  Breaker — Frame  size  lOOA,  trip  unit 
25  amperes. 

Magnetic  Switches — Size  one  contactor,  27.5-  to 
30.5-ampere  overload  element,  two  normally 
open  auxiliary  contacts,  115-volt  closing 
coil. 
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Magnatlc  Switches — Size  one  contactor,  3.95-  to 
4.33-ampere  overload  element,  two  normally 
open  auxiliary  contacts,  115-volt  closing 
coil. 

Control  Voltage  Transformer — 460:116  volts,  one 
supplied  with  each  comhination  starter. 

Auxiliary  Relay — 115-volt  closing  coil,  one 
normally  closed  and  one  normally  open 
contact,  rated  lO-ampere  make  and  2-ampere 
break  at  115  volts  a-c. 

5.  aeig5?,iaUAg^BQA  ,Syat,?w— 

Regulating  Rod  Ko.  9  is  moved  into  and  out  of  the  reactor 
in  response  to  signals  from  the  console  in  the  control  room.  Because 
it  is  used  for  accurate  control  of  reactor  power,  this  rod  can  he  driven 
at  very  slow  speeds.  In  the  event  of  emergency  shutdown,  if  electric 
power  is  still  available  Rod  No.  9  is  inserted  at  high  speed. 

The  system  used  to  control  Hod  No.  9  is  shown  schematically  in 
Figure  2.17.  Rod,  rack,  rack-bearing  supports,  overtravel  stop,  and 
drive  pinion  are  the  same  as  those  used  on  the  emergency  rods.  The  drive 
pinion,  however,  is  driven  through  a  pair  of  change  gears  and  a  slip- 
clutch  by  the  output  shaft  of  a  differential.  The  differential  is  driven 
by  either,  or  both,  of  two  electric  motors  through  worm-type  speed  reducers. 
One  motor  la  used  for  high-speed  rod  motion,  and  the  other  for  low.  Because 
low-pitch  worms  are  used  in  the  reducers,  it  is  impossible  to  rotate  the 
electric  motors  by  rotating  the  reducer  output  shafts.  During  emergency 
shutdown,  both  motors  operate  to  insert  the  rod  as  fast  as  possible. 

The  electric  motors  are  controlled  by  two  reversing— type  motor 
controllers  in  the  motor— control  center.  A  set  of  four  push  buttons  on 
the  right  side  of  the  console  skirt  is  used  to  control  motion  of  the  rod 
in  or  out  at  fast  or  slow  speed.  The  rod  moves  as  long  as  one  of  the 
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FIGURE  2.17  REGULATING  -  ROD  SYSTEM  ROD  NO.  9 
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"buttons  is  depressed  unless  it  tos  reached  one  of  its  limits  of  travel. 
Two  limit  switches  mounted  at  the  rod  structure  are  Mtuated  "by  the  end 
of  the  rack.  These  switches  are  connected  in  the  control  circuits  of 
the  motor  controllers  so  that  the  motors  can  not  drive  the  rod  "beyond 
its  safe  limits  of  travel.  To  prevent  excessive  coasting  of  the  high¬ 
speed  drive  motor  after  power  has  "been  disconnected,  a  pair  of  time- 
delay  plugging  sv/itches,  located  at  the  motor-control  center,  are  used. 
Tbs  time  delays  are  set  to  plug  the  motor  approximately  to  standstill. 
The  slip  clutch  between  the  change  gears  and  the  drive  pinion  is  set  at 
1600  inch-pounds,  making  the  maxirnum  thrust  at  the  rod  720  pounds.  Rod 
speeds  with  the  change  gears  supplied  are  given  in  the  ta'ble  helow: 
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These  speeds  are  "based  on  rated  full— load  speeds  of  the  induction  motors. 
6.  Regulating-Rod  System — Hod  No.  9 — Queration 

figure  2.18  shows  the  motor-control  circuit  for  Rod  No.  9. 

The  electric  motors  and  the  limit  switches  are  located  at  the  rod  struc¬ 
ture,  the  push  buttons  are  located  on  the  console,  and  the  remainder  of 
the  equipment  is  located  in  Motor-Control  Center,  P19.  Power  is  supplied 
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FIGURE  218  MOTOR-  CONTROL  CIRCUIT  FOR  ROD  NO. 9 
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to  the  electric  motors  through  a  pair  of  air  circuit  hreakBrs  and  a 
pair  of  reversing  contactors.  The  control  circuit  is  energized 
through  a  440/ll0-volt  transformer.  When  the  rod  is  in  its  normal 
operating  range ,  the  roller  of  the  in-limit  switch  is  against  the 
rack,  holding  the  switch  contacts  closed,  and  roller  of  the  out- 

limit  switch  is  free,  holding  its  contacts  closed  also.  Since  RELAY  Y 
is  energized  except  during  emergency  shutdown,  its  normally-open  contacts 
are  closed  and  its  normally-closed  contacts  are  open  when  the  rod  is 
controlled  hy  the  opei'ator. 

If  the  rod  is  in  its  normal  operating  range  and  there  is  no 
emergency-shutdown  signal,  operation  of  the  control  circuit  is  as  fol¬ 
lows.  Depressing  the  OUT-SK)W  PUSH  BUTTON  on  the  console  energizes  the 
coil  of  the  OUT-SLOW  CONT’ACTOR  through  the  OUT-LIMIT  SWITCH,  the  contact 
of  RELAY  Y,  the  auxiliary  contact  on  the  IN-SK)V  CONTACTOR,  and  the  SLOW 
THliRMAL-OVilRLOAI)  SWITCH.  The  line  contactor  to  the  slow- speed  drive 
motor  closes  and  the  rod  is  withdrawn  as  long  as  the  push  Button  is 
depressed. 

Depressing  the  IN-SLOW  PUSH  BUTTON  while  the  OUT-SLOW  PUSH 
BUTTON  is  depressed  has  no  effect,  because  auxiliary  contacts  on  the 
OUT-SLOW  GOOTACTOH  open  the  OUT-SLOW  PUSH  BUTTON  circuit.  Moreover, 
the  IN-SK)W  and  OUT-SIOV  COOTACTOHS  are  mechanically  interlocked  so 
that  only  one  set  can  be  closed. 

When  the  OUT-SLOW  PUSH  BUTTON  is  released  and  the  IN-SLOW 
PUSH  BUTTON  is  depressed,  the  rod  is  inserted  through  operation  similar 
to  that  described  above. 
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Depressing  the  0UT-i’A3T  HJSH  BUTTON  energizes  the  coil  of  the 
OUT-yAST  COUTACTOE  through  the  OUT-LIMIT  SWITCH,  the  contacts  on  RELAY  Y, 
the  auxiliary  contacts  on  the  IN— yAST  OONTACTOR  and  the  PAST  THERMAL- 
OVERLOAD  SWITCH.  TIb  OUT-PAST  COiraACTOR  closes,  energizing  the  f^st 
motor,  which  withdraws  the  rod  at  high  speed. 

The  voltage  across  the  coil  of  the  OUT-y’AST  CONTACTOR  is  also 
applied  through  the  normally-closed  contacts  of  PLUCGING  RELAY  IN  P,  to 
the  rectifier  circuit  which  energizes  RELAY  OUT  P.  RELAYS  IN  P  and 
OUT  P  are  of  the  magnetic  time-delay  type  which  close  rapidly  when  ener¬ 
gized,  hut  open  only  after  a  short  time  delay  when  de-energized.  Ener¬ 
gizing  RELAY  OUT  P  closes  the  normally-open  contact  across  the  IN-PAST 
PUSH  BUTTON,  but  does  not  close  the  IN-PAST  CONTACTOR  because  of  the 
opened  auxiliary  contacts  on  the  OUT -PAST  CONTACTOR.  When  the  OUT-PAST 
PUSH  BUTTON  is  released,  tlie  OUT-PAST  COOTACTOR  opens  the  circuit  to  the 
fast  motor  and  closes  the  auxiliary  contact  in  the  IN-PAST  PUSH-BUTTON 
circuit.  Because  the  IN-PAST  PUSH  BUTTON  is  shorted  until  plugging 
RELAY  OUT  P  drops  out,  the  IN-PAST  CONTACTOR  is  energized,  thus  plugging 
the  fast  drive  motor.  The  time  delays  on  RELAYS  IN  P  and  OUT  P  are  set 
to  plug  the  fast  motor  approximately  to  standstill.  The  normally  closed 
contacts  of  the  plxigging  relays  are  used  to  prevent  oscillation  between 
plugging  relays  and  motor  contactors. 

Operation  when  the  IN-PAST  PUSH  BUTTON  is  depressed  is  similar 
to  that  described  above. 
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When  an  emergency  shutdown  occurs,  RELAY  Y  Is  de-energized, 
opening  the  OUT-SLOW  and  OUT-FAST  i:^SH-BUTTON  circuits,  and  shorting 
the  IN-SLOW  and  IN-FAST  PUSH  BUTTONS.  If  electric  power  is  still 
available,  both  drive  motors  will  then  operate  to  insert  the  rod. 

When  the  rod  has  been  fully  inserted,  the  IN-LIMIT  SWITCH  removes 
excitation  from  the  contactor  coils,  and  the  rod  coasts  to  a  stop. 
Plugging  of  the  fast  motor  does  not  occur  since  RELAY  Y  is  de-energized. 

Running  the  rod  beyond  its  normal  limit  of  travel  in  either 
direction  opens  a  limit  switch  which  opens  the  contactor  control  circuit 
to  prevent  further  motion  in  that  direction.  The  thermal-overload  con¬ 
tacts  prevent  operation  of  the  overloaded  motor  until  the  contacts  are 
reset,  but  do  not  affect  operation  of  the  other  motor. 

7.  Remlating-Rod  System — Rod^Jo.  9— Component  Deacriution 

Rod,  rack,  rack-bearing  supports,  and  drive  pinion  for  Rod  No.  9 
are  identical  with  those  for  the  emergency  rods.  The  overtravel  stop  is 
also  the  same,  althou^  no  limit-stop  pinion  is  mounted  on  it.  No 
provision  Is  made  to  move  the  rod  by  loeans  of  a  hand  crank  because  it  is 
impossible  to  drive  backwards  through  the  worm  si:>eed  reducers. 

7a.  Regglatlng-Rod  Drive 

The  regulating-rod  drive  is  shown  in  Figure  2.19  with  its  drive 
pinion  and  overtravel  stop.  This  unit  consists  of  a  slip-clutch,  change 
gears,  a  differential  drive,  high  and  low- speed  worm-gear  reducers,  and 
two  drive  motors,  all  mounted  on  a  welded  base. 


FIGURE  2.19  EEGUIATING-BOD  DEIVE 
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The  slip-clutch  is  a  Ihilletin  No.  164,  size  eight  coupling 
of  the  spring-loaded  type,  manufactured  hy  the  Hilliard  Oorp.^  It 
limits  the  torque  output  of  the  drive  unit,  thus  protecting  the  driving 
mechanism  as  well  as  the  rod  and  rack.  The  clutch  is  set  to  slip  at  a 
torque  of  1800  inch-pounds.  This  torque  is  well  below  that  required  to 
compress  fully  the  springs  in  the  over  travel  stop. 

The  change  gears  are  e i ght-d lame tra 1-pitch  gears  with  1-1/2  inch 
face  width.  Tooth  form  is  a  full-depth  involute  with  a  twenty-degree 
pressure  angle.  All  gears  are  hardened  to  increase  resistance  to  surface 
wear.  Possible  gear  ratios  and  the  corresponding  rod  speeds  are  given 
in  the  table  on  page  2.41. 

The  differential  drive  is  shown  in  Figure  2.20.  It  is  an 
orthodox  bevel-gear  differential  having  a  tvo-to-one  speed  reduction 
between  either  input  shaft  and  the  output  shaft.  The  gear  assembly  is 
enclosed  in  a  housing  weldment  and  is  splash  lubricated  by  oil  in  the 
housing.  A  sight  gauge  is  provided  for  observing  the  oil  level.  All 
gears  are  eight-pitch,  14.5-degree  mitre  gears. 

"^^he  fast  drive  motor  is  part  of  a  Size  35W  unit  supplied  by 
the  D.  0.  James  Company.  Besides  the  one  horsepower,  440-volt  induction 
motor,  the  unit  includes  a  43:1,  high-sueed  worm-gear  reducer.  Pull¬ 
load  output  speed  of  the  unit  is  40.2  rpm.  A  flexible  coupling  links 
the  output  shaft  of  the  speed  reducer  to  the  high-speed  input  shaft  of 
the  differential. 

^low  ^rlve  motor  is  a  standard,  type  5K43AC318A  General 
Electric,  l/6-horsepower,  440-volt  induction  motor.  It  is  coupled  to 
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FIGURE  2.20  RE)GUIATING-ROD  DRIVE  DIFFERENTIAL 
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its  worm-gear  reducer  by  a  flexible  coupling.  The  low- speed  worm- 
gear  reducer  has  a  speed  reduction  of  1900;!.  It  is  a  double-worm 
unit,  Size  No.  274W,  manufactured  by  D.  0.  James  Company.  V.Taen 
driven  by  the  1750  rpm  slow-speed  drive  motor,  the  outimt  speed  of 
the  reducer  is  0.921  rpm. 

A  pair  of  spur-ty|)e  reducing  gears  driven  by  the  worm-gear 
reducer  drops  the  input  to  the  differential  to  0.4605  rpm.  They  have 
a  face  width  of  1  l/4  inches  and  are  cut  with  eight-diametral-pitch, 
20-degree  pressure  angle,  involute  teeth. 

7b.  Control  Kouiument 

The  air  circuit  breakers  are  of  lOOA  frame-size  with  15-ampere 
trip  units.  The  reversing  magnetic  contactors  are  size  one  units  with 
two  auxiliary  normally-closed  contacts  on  each  contactor.  The  fast- 
motor  contactor  is  equipped  with  1.66- 1.82-ampere  thermal  overload  relays, 
and  the  slow-motor  contactor,  with  0.40-0.44-ampere  thermal  overload  relays. 

The  plugging  relays,  with  tlieir  associated  rectifiers  and  filters 
are  mounted  on  the  side  of  motor  control  center,  P19.  The  relays  are 
Type  A39299  units  manufactured  by  C.  P.  Glare  and  Co.  Full-wave  selenium 
rectifier  stacks  (Vickers  No.  BGPHNIiiM)  supply  direct  current  for  the 
plugging  relays. 

The  limit  switches  are  mounted  on  the  rod  structure  and  are 
actuated  by  the  free  end  of  the  rack.  These  sv/itches  and  their  mountings 
are  identical  with  those  used  to  control  the  limit  lights  on  the  coarse 
rod-position  indicator.  For  additional  information  on  these  switches, 


see  Chapter  III 
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3.  Regulating-Rod  System-Rod  No.  15— General  Description 

Reflating  Rod  No*  15  can  be  inserted  and  withdrawn  in  response 
to  signals  from  the  operator  at  the  console.  The  operator  can  also  use 
Rod  No*  16  to  control  reactor  power  automatically.  Because  the  automatic 
power  regulator  is  faster  than  the  combination  of  galvanometer  and  operator, 
it  should  control  power  more  accurately  than  could  a  human  operator*  The 
autonatic  power  regulator  is  also  useful  in  reducing  the  magnitude  of  the 
power  overshoot  which  occurs  when  the  reactor  is  being  brought  up  to  full 
power.  When  an  emergency  shutdown  occurs,  Rod  No.  15  is  inserted  at  high 
speed. 

The  system  used  to  control  Rod  No.  15  is  shown  schematically  in 
Rigure  2.21.  The  rod,  rack,  and  driving  mechanism  (not  shown  in  the 
figure)  are  identical  with  those  used  on  Control  Rod  9.  The  system  for 
controlling  the  electric  motors,  including  the  plugging  relays,  is  similar 
to  that  for  Rod  No.  9.  The  only  difference  is  that  switches  in  the  power- 
level  controller  may  take  the  place  of  the  push  buttons  in  actuating  the 
motor  starters.  The  source  of  control  depends  upon  the  position  of  the 
automatic-manual  transfer  switch. 

In  manual  control,  signals  to  the  electric  motors  originate  at 
the  pusli  buttons  on  the  left-hand  side  of  the  console  skirt,  and  pass  to 
the  motor  starters  at  the  control  center  through  the  automatic-manual 
transfer  switch  on  the  left  v/ing  of  the  console.  In  automatic  control, 
three  sources  8U2)ply  signals  to  the  regulator.  These  are  the  ionization 
chamber  in  the  reactor,  the  potentiometer  in  the  rod-position  transmitter 
for  Rod  No.  15,  and  the  power-set  knob  on  the  left  wing  of  the  console. 
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These  signals  are  mixed  and  amplified  in  the  regala  tor  amplifier  and 
a  resultant  signal  is  sent  to  the  power-level  controller  on  Control 
Panel  M.  The  power-level  controller,  actuated  hy  this  input  signal, 
closes  contacts  to  produce  signals  that  pass  through  the  transfer 
switch  to  the  motor  starters.  As  a  result.  Rod  No.  15  is  driven  in 
such  a  direction  that  the  reactor  power  level  is  made  approximately 
eqoal  to  that  determined  by  the  power-set  knob.  An  auxiliary  set  of 
contacts  in  the  controller  illxuainates  the  indicator  lamps  on  the  left 
wing  of  the  console.  These  lamps  show  whether  the  rod  should  be  inserted, 
or  withdrawn,  at  high  or  low  speed,  or  should  remain  stationary. 

Specifications  for  output  torque  and  possible  rod  si^eds  are 
identical  with  those  for  Rod  No.  9.  However,  for  automatic  regulation 
of  power  level  to  be  sufficiently  fast  to  offset  start-up  transients, 
the  84-tooth  and  36-tooth  change  gears  are  interchanged.  This  arrange¬ 
ment  causes  the  drive  pinion  speed  to  be  2.33  times  that  of  the  output 
of  the  differential.  High  rod  speed  is  then  12.3  inches  per  second 
(312  millimeters  per  second)  and  low  rod  speed  is  0.141  inch  per  second 
(3.57  millimeters  per  second). 

The  automatic  power  regulator  was  designed  to  regulate  reactor 
power  to  within  plus  or  minus  one-half  of  one  per  cent  of  full  power. 

The  effective  range  of  automatic  regulation  is  from  ten  per  cent  of  full 
power  to  full  power. 

To  operate  Rod  No.  15  manually,  the  transfer  switch  is  rotated 


to  MAH,  and  the  push  buttons  on  the  left  side  of  the  console  skirt  are 
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used  to  drive  the  rod  in  fast,  in  slow,  out  fast,  or  out  slow.  When 
the  transfer  switch  is  in  its  MAN  position,  no  power  is  supplied  to 
the  vacuum  tubes  in  the  regulator  amplifier  or  to  the  power-level 
controller. 

To  operate  the  rod  in  its  automatic  mode,  it  is  first  necessary 
to  rotate  the  transfer  switch  to  the  MAN-AUTO  position  and  leave  it  there 
long  enough  for  the  vacuum  tubes  and  the  associated  components  in  the 
regulator-amplifier  and  controller  to  establish  thermal  equilibrium. 

During  this  interval  the  indicator  lights  on  the  left  wing  of  the  console 
indicate  the  direction  and  speed  of  rod  motion  which  would  occur  if 
automatic  control  were  on.  However,  the  rod  is  still  controlled  from 
the  push  buttons. 

Rotating  the  transfer  switch  to  its  AUTO  position  puts  the 
rod  under  control  of  the  automatic  regulator.  The  push  buttons  lose 
control,  and  the  indicator  lights  show  the  direction  and  speed  of  rod 
motion.  If  insufficient  time  has  been  permitted  for  warmup,  there  will 
be  some  drift  of  reactor  power  for  a  given  setting  of  the  power-set  knob. 
Similarly,  if  the  electronic  equipment  is  turned  off  and  then  turned  on 
again,  some  drift  may  occur. 

Figure  2.22  shows  the  circuits  for  control  of  the  electric 
motors  and  the  indicator  lights.  The  motor  control  system  is  similar 
to  that  for  Hod  No.  9.  The  differences  are  that  provision  for  svdtching 
from  manual  to  automatic  operation  is  made,  and  switches  in  the  power— level 
controller  are  added.  These  switches  substitute  for  the  push  buttons  when 
the  automatic  regulator  is  operative.  The  action  of  plugging  relays, 
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thermal  and  limit  switches,  and  emergency- shut dovvTi  relay  for  both 
modes  of  operation  of  Rod  No.  15  is  identical  with  the  action  of 
these  devices  for  Rod  No.  9.  Motor  starters  and  plugging  and 
emergency-shutdown  relays  are  located  in  motor  control  center  P19. 

In  manual  operation,  contacts  2,  4,  6,  and  8  of  the  transfer 
switch  are  closed,  and  contacts  1,  3,  5,  and  7  are  open.  (See 
Fig\ire  2.22.)  Under  this  condition,  operation  of  the  motor  control 
system  is  identical  with  that  for  Hod  No.  9.  In  autoumtic  operation, 
contacts  2,  4,  6,  and  8  of  the  transfer  switch  are  open  and  contacts  1, 
3,  5,  and  7  are  closed.  This  arrangement  switches  control  of  the  motor 
from  the  push  huttons  to  four  mercury  switches  in  the  power- level 
controller. 

The  switches  are  so  arranged  that  the  slow  motor  switch  is 
closed  vdienever  the  fast  motor  switch  is  closed.  Consequently,  high¬ 
speed  rod  motion  is  produced  "by  both  motors  driving  the  rod  through 
the  differential  in  the  same  direction. 

The  indicating  lights  on  the  console  are  controlled  by  the 
indicating  circuit  shown  in  the  lower  half  of  Pigure  2.22*  The  five 
indicating  lights  are  controlled  by  a  second  set  of  four  mercury 
switches  in  the  power-level  controller.  V/hen  the  transfer  switch  on 
the  console  is  in  its  AUTO  or  flAN-iUTO  position,  contacts  9  and  12  are 
closed.  When  none  of  the  mercury  switches  are  closed,  the  control 
point  indicating  lamp  will  be  energized  through  the  normally  closed 
contacts  of  relays  IN  and  OUT.  V/hen  either  the  out-slow  or  the  in-slow 


mercury  switch  is  closed,  one  of  tlie  auxiliary  relays,  OUT  or  IN,  in  the 
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power  supply  is  energized,  turning  on  either  the  out-slow  or  the 
in-slov  indicating  lamp,  and  turning  off  the  control-point  lamp. 

The  out-fast  and  in-fast  lamps  are  controlled  directly  hy  their 
mercury  switches  in  the  controller.  Because  the  SLOW  switches  remain 
closed  when  the  FAST  switches  close,  either  the  IN  or  OUT  relay  will 
be  energized  when  one  of  the  FAST  switches  is  closed.  Consequently, 
one  of  the  SLOW  lights  will  be  on  and  the  control-point  light  will  be 
off  when  the  rod  is  being  driven  at  high  speed. 

Belay  B  in  the  power  supply  controls  the  manual  and  automatic 
indicating  lamps  on  the  power  supply  chassis.  Contact  11  of  the  transfer 
switch  is  closed  and  relay  B  is  energized  only  when  the  switch  is  in  its 
AQTO  position.  Hence,  when  the  transfer  switch  is  on  AUTO,  the  AUTO 
lamp  is  lighted,  and  when  the  transfer  switch  is  on  MAN  or  MAN-JiUTO,  the 
MAirUAL  lamp  is  lighted. 

Bod,  rack,  rack  bearing  supports,  and  overtravel  stop  of 
Hod  No.  15  are  the  same  as  those  for  ttie  emergency  rods.  The  regulating- 
rod  drive  assembly  for  Bod  No.  15  is  identical  to  that  for  Rod  No.  9, 
except  for  the  change  gears* 

The  tranafe_r  switch.  C30,  is  manufactured  by  the  General 
Electric  Company  (Type  SB-l) .  It  is  a  six-bank,  three-position,  lock- 
type  sv/itch.  The  condition  of  the  contacts  for  each  of  the  three 
switch  positions  is  shown  in  Figure  2.22* 

The  push  buttons  are  marked  IN  SLOW,  062,  OUT  SLOW,  053, 


IN  FAST,  054,  and  OUT  FAST,  055.  These  switches  are  all  Cutler-Hammer 
Catalogue  No.  10250H2757A  switches,  which  meike  contact  when  depressed. 
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The  DQwer  aet  knoh.  G31t  on  the  console  controls  a  type 
150, OCX)  SX  potentiometer  manufactured  hy  The  Helipot  Corporation. 

This  potentiometer  is  used  to  set  the  po\»?er  level  to  which  the  reactor 
is  to  he  automatically  regulated.  The  dial  is  calibrated  in  megawatts. 

The  indicator  lights  located  above  the  transfer  switch  on 
the  console  Indicate  to  the  operator  the  direction  and  speed  of  rod 
motion  when  automatic  regulation  is  being  used.  Illumination  of  the 
green,  CUNT.  PT,  C62,  lamp  indicates  that  the  reactor  is  operating  at 
the  desired  level  and  neither  drive  motor  is  running.  Illumination  of 
IN  FAST,  C63,  IN  SLOW,  064,  OUT  SLOW,  065,  or  OUT  FAST,  066,  lamp 
indicates  that  the  rod  is  travelling  in  fast,  in  slow,  out  slow,  or 
out  fast,  respectively.  When  the  rod  is  moving  at  fast  speed  in  either 
direction,  both  lamps  for  that  direction  will  be  on. 

The  power-level  controller,  M96,  is  a  Brown  Instrument  Co. 
type  153X12V-(III)-(IV)a,  zero-centered,  plus  or  minus  five  millivolt 
recorder,  equipped  with  four  pairs  of  mercury  switches.  These  switches 
are  adjustable  in  pairs  throughout  the  full  range  of  the  instrument.  One 
switch  of  each  pair  actuates  one  of  the  motors  on  the  rod  drive,  and  the 
other  switch  of  each  pair  actuates  the  indicator  lights  on  the  console. 
The  switches  are  initially  set  so  that  the  slow  motor  will  be  actuated 
at  approximately  ten  per  cent  of  full  scale  of  the  recorder,  and  the  fast 
motor  will  be  actuated  at  95  per  cent  of  full  scale  of  the  recorder. 

When  the  FAST  switches  close,  the  SLOW  switches  are  already  closed  and 


remain  closed 
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hellDot  in  the  rod-position  transmitter  is  a  Model  S 
potentiometer  manufactured  hy  The  Helipot  Corporation.  Driven  through 
a  gear  train  by  the  rack,  it  sends  rod-position  signals  to  the  regulator 
amplifier. 

The  ionization  chamber  is  a  three- inch  chamber  mantifacturcd  by 
the  General  Electric  Company.  It  is  designed  to  produce  a  signal  of 
fifty  microamperes,  with  0.1  per  cent  background  noise  at  full  reactor 
power.  Tiie  circuit  in  which  this  chamber  is  used  is  sufficiently 
flexible  to  function  properly  if  the  ionization-chamber  current  for  full 
reactor  power  lies  between  thirty  and  fifty  microamperes. 

The  regulated  power  suuuly  for  the  automatic  power  regulator 
is  shown  schematically  in  Figure  2.23  and  pictorially  in  Figures  2.24 
and  2.25.  This  pov;er  supply  is  located  in  cabinet  TB137  in  the  equipment 
room.  It  furnishes  high-voltage  for  the  ionization  cliamber  and  supplies 
plate  power  to  the  vacuum  tubes  in  the  regulator  amplifier.  It  is  rated 
at  twenty  milliamperes  and  750  volts. 

Power  is  received  at  115  volts  from  the  instrument  power  supply 
through  the  transfer  switch  on  the  console.  The  rectifier  circuit  is  of 
the  full-wave,  volt age -doubler  type.  A  regulator  maintains  the  output  at 
750  volts  under  varying  load  and  input  conditions. 

Auxiliary  equipment  in  the  power  supply  consists  of  thermal 
time-delay  relay  K4,  magnetic  relays  Kl,  K2,  and  K3,  and  the  four  pilot 
lights.  Time-delay  relay  K4  prevents  the  application  of  plate  voltage 
to  the  tubes  of  the  regulator  amplifier  before  the  cathodes  have  become 
heated.  The  filament  (green)  and  high-voltage  (blue)  pilot  lights 
indicate  when  these  voltages  are  on.  The  three  relays  are  the  IN  relay, 
OlTi'  relay,  and  relay  R,  dis^cussed  previously. 
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FIGURE  2.23  POWER  SUPPLY  FOR  AUTOMATIC  POWER  REGULATOR 
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INDICATOR  LIGHT 


FIGUBE  2.24  POWER  SUPPLY  FOE  AUTOMATIC  POWER  EEGUIATOR 
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Tlie  regulator  amplifier  compares  the  current  in  the  ioniza¬ 
tion  chamber  with  that  called  for  by  the  power-set  potentiometer  and 
sends  a  control  signal  to  the  automatic  power  level  controller.  In 
response  to  signals  from  the  controller,  Hod  No.  15  is  driven  in  or, 
out  to  correct  the  power  level  and  change  the  ionization- chamoer  current 
to  the  proper  value.  Auxiliary  circuits  modify  and  mix  rod-position 
data  from  the  helipot  in  ttie  rod-position  transmitter  and  the  derivative 
of  the  error  signal  to  improve  the  stability  of  the  system. 

The  circuit  of  tlie  amplifier  is  shown  schematically  in 
i’igure  2.26.  Figures  2.27  and  2.28  are  photographs  of  the  amplifier. 

A  voltage  proportional  to  the  difference  between  the  ion-chamber  current 
and  that  called  for  by  the  power-set  potentiometer  is  applied  directly 
to  the  grid  of  trlode  Vl-A.  The  two  halves  of  twin  trlode  VI  are  con¬ 
nected  as  a  dual  cathode-follower,  the  output  of  vdilch  goes  to  the  power- 
level  controller.  The  grid  of  trlode  Vl-B  is  driven  by  the  signal  from 
the  rod-position  potentiometer  through  condenser  03.  The  connections  are 
such  that  inserting  Hod  No.  15  produces  a  signal  at  the  input  of  the 
controller  v;hlch  would  result  in  the  rod  being  withdrawn.  Hence,  the 
resultant  signal  to  the  controller  is  the  difference  between  the  error 
signal  and  the  rod-rate  signal. 

The  other  sections  of  the  amplifier  do  not  function  during 
slow  changes  in  reactor  po\irer  or  during  very  slow  adjustment  of  the 
power— set  potentiometer  because  trlode  V2  is  biased  beyond  cut-off. 

The  anticipation  circuit  is  used  only  during  rapid  increases  in  reactor 
flxLx  or  rapid  decreases  in  the  setting  of  the  power— set  potentiometer. 
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When  either  of  these  events  occurs,  the  grid  of  V2  is  driven  positive 
through  condenser  Gl,  causing  tl©  tube  to  conduct.  The  resulting  plate 
signal  is  mixed  with  the  rod-position  feedback  signal  and  applied  to 
the  grid  of  Vl-B.  The  anticipation  circuit  is  used  primarily  to  stabilize 
the  system  by  introducing  the  first  derivative  of  the  error  signal  v/hen 
the  automatic  power  regulator  is  bein#^  used  to  bring  the  reactor  up  to 
power. 

The  voltage-regulator  tubes  V3,  V4,  and  Y5  maintain  the  proper 
distribution  of  voltages  among  the  circuit  components,  filament  power, 
as  well  as  plate  voltage,  is  supplied  by  the  regulated  power  supply. 

Several  adjustments  and  one  indicating  device  are  available  to 
balance,  calibrate,  and  vary  the  gain  of  the  amplifier.  The  meter  used 
for  calibrating  and  adjusting  is  a  -100  microampere,  zero-centered  instru¬ 
ment  which  can  be  connected  across  the  output  of  the  dual  cathode  followers 
by  means  of  the  meter  switch.  The  operate-calibrate  switch  disconnects 
the  ionization  chamber  and  grounds  the  amplifier  input.  The  “calibrate*^ 
potentiometer,  H21,  is  used  to  adjust  the  bias  on  triode  Vl-B.  The 
amplifier  output  is  balanced  by  adjusting  the  power- set  potentiometer 
to  zero  power,  placing  the  operate-calibrate  sv;itch  on  calibrate,  turning 
the  meter  on,  and  adjusting  the  calibrate  knob  so  that  the  meter  reads 
zero . 

The  coarse  and  fine  adjustments  of  the  high-level  calibration 
system  short-circuit  resistors  R4,  R3,  and  R2,  and  the  potentiometer  R5. 

The  value  of  these  resistors  determines  the  ratio  of  voltage  developed 
to  ion-chamber  current,  and  must  be  adjusted  to  match  the  particular  ion 
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chamber  used,  so  that  the  power^-set  calibration  on  the  console  will 
be  correct. 

Since  the  anticipation  circuit  is  not  to  function  except 
during  large  transients,  V2  must  be  biased  to  cut-off  by  means  of  the 
screwdriver  adjustment  on  potentiometer  H17.  The  setting  of  the  gain 
adjustment  controls  the  gain  of  the  rod-position  feedback  circuit.  The 
optimum  settings  of  these  two  adjustments  can  be  determined  only  after 
considerable  operating  experience  has  been  gained. 
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11.  Parts  List  -  Emergency-Rod  System  -  Eauiument  at  Rod  Stnioture 

Praying  bfe46BM006 


Hefer  to 

Fail 

fia 

Fig.  3-39 

Name  of  Part 

Saflibej: 

Beg 

Back  and  Eod  Asseiaiily 

6546DN008 

16 

Control  Hod  -  H.  K.  Ferguson  Co. 

M-702-9C 

1 

Hack  -  Front  Section 

6546CP010 

1 

1 

Hack  -  Center  Section 

6546QP009 

4 

Rack  -  Hear  Section 

6546CP008 

1 

3 

Splice  Plate 

6546BP014 

5 

4 

Stripper  Bolt 

6546AP067 

25 

2 

Bowel  Pin 

6546Ai'149 

15 

Socket  Head  Bolt 

6546AJP148 

6 

2.30 

Rack  Bearing  SuoDort  AsaenBly 

6546i!iN001 

144 

1 

Wedge  Plate  Weldment 

6546jiP002 

1 

2 

Stud 

6546AP042 

4 

3 

Bolt 

6546AF005 

3 

4 

Bolt 

6546AP006 

4 

5 

Bolt 

6546AP063 

3 

6 

Top  Wedge  )  Assembled  in 

6546GP004 

1 

7 

Bottom  Wedge  )  matched  pairs 

6546CP005 

1 

Bearing  Assembly 

6546DN001 

1 

9 

Base  Casting 

6546PP004 

1 

10 

Bearing  Cap 

6546AP039 

2 

Bottom  Roller  Assembly 

6546BN009 

1 

11 

Shield 

6546AP008 

2 

12 

Bottom  Holler 

6546BP017 

1 

13 

Bearing,  Fafnir  or  equal 

M-204K 

2 

14 

Shaft 

6546BP018 

1 

8 

Side  Holler  Assembly 

6546BH008 

2 

15 

Bearing,  McGill  or  equal 

HO-12-N 

1 

16 

Side  Holler 

6546AP033 

1 

17 

Hetainer 

6546AP038 

1 

18 

Spacer 

6546AP041 

1 

19 

Shaft 

6546BP019 

1 

Overtravel  StoD  Assembly 

6546i:N022 

14 

1 

Frame  Weldment 

6546SP010 

1 

2 

Slide way 

6546CP057 

2 

3 

End  Plate 

6546GP045 

1 

Buffer  Assembly 

6546GN009 

1 

4 

Buffer  Spring  (Outer) 

6546BP106 

1 

5 

Buffer  Spring  (Inner) 

6546BP107 

1 

6 

Spring  Block 

6546GP042 

1 

7 

Guide  Tube 

654GBP105 

1 

8 

Guide  Hod 

6546BP104 

1 

9 

Spring  Block 

6546GP039 

1 

m 

K  l  :1|| 

lif::' 

“  i  f 

1 

pw  " 

If  fii 

FIGUEE  2.30  EA.CK  BEAEING  SUPPOET 
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Refer  %.9. 

No. 

Name  of  Part 

Nvuaher 

Ma* 

stop  Slide  Assemlaly  -  Lone 

6546DN020 

1 

10 

Stop  Slide  Weldment  -  Long 

6546DP039 

1 

12 

Pawl  Plate 

6546AP119 

2 

13 

Stop  Pawl  -  Left 

6546AP140 

1 

14 

Stop  Pawl  -  Eight 

6546AP121 

1 

15 

Pawl  Spring  -  Outer 

6546AP117 

2 

16 

Pawl  Spring  -  Inner 

6546AP116 

2 

17 

Pawl  Roller 

6546AP120 

2 

18 

Spring  Pin 

6546AP118 

2 

atop  .Slide  Aseembly  -  Short 

6546M021 

1 

11 

Stop  Slide  Weldment  ~  Short 
(All  other  parts  identical  with 
those  for  Stop  Slide  Assembly  — 
Long) 

6546DP036 

1 

19 

Bearing  Assembly 

(Por  parts  see  Rack  Bearing 

Support  Assembly) 

6546DH001 

1 

20 

Shim 

6546AP122 

4 

21 

Cartridge  Bearings,  Pafnir  or  equal 

LCJ  1  1/4 

2 

22 

Drive  Pinion 

6546BP108 

1 

24 

Shim 

6546AP171 

2 

23 

Limit  Stop  Pinion  Assembly 

6546PN019 

1 

1 

Base  Casting 

6546DP035 

1 

2 

Bearing  Cap 

6546AP111 

1 

3 

Limit  Stop  Pinion 

6546BP103 

1 

4 

Bearing  Cap 

6546AP110 

1 

6 

Shaft 

65463P087 

1 

6 

Ball  Bearing,  Fafnir  or  equal 

302K 

1 

Hand  Cr&n^  Assembly 

6546DN002 

14 

Lever  Assembly 

6546CN002 

1 

1 

Bushing 

6546AP009 

2 

2 

Lever  Weldment 

6546BP010 

1 

3 

Shoulder  Pin 

6546AP040 

1 

Ratchet  Assembly 

6546BN007 

1 

20 

Ratchet 

6546BP016 

1 

21 

Key 

6546AP007 

1 

Pawl  Rod  Assembly 

6546CH001 

1 

4 

Handle 

6546BP022 

1 

5 

Clovis  Pin 

6546AP034 

1 

6 

Pin  1/16  X  1/2  long  - 
Groov-Pin  Corp. 

Type  1 

2 

7 

Hod  Bnd 

6546AP048 

1 

8 

Washer  1/4  x  ll/l6  x  .051 

Commercial 

89 
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Kefer  to 

Part 

lia. 

Fie.  2.33 

Name  of  Part 

9 

Spr ing 

6546AP051 

1 

10 

Spring  Rod 

6546AP047 

1 

11 

Pin  1/16  X  5/8  long  - 
Groov-Pin  Corp. 

Tyi)e  1 

1 

12 

Collar 

6546AP050 

1 

13 

Rod  Bearing 

6546AP044 

1 

14 

Spring 

6546AP052 

1 

15 

i-nd  Collar 

6546AP049 

1 

16 

Spring  Housing  Weldment 

6546AP046 

1 

17 

Pin 

6546AP036 

1 

Pawl  Assembly 

6546AN005 

1 

18 

Pawl 

6546BP021 

19 

Bushing  Oilite 

A-531 

1 

22 

Handle  Bearing  Pin 

6546iiP057 

1 

23 

Bearing  Pin 

6546AP035 

iiimerirency  Drive  Unit  Assembly 

6546DN005 

14 

Support  Weldment 

6546DP012 

1 

Hydraulic  Motor  Oilgear  Co* 

H-811 

1 

Pipe  Assembly 

6546BN047 

1 

Packing  -  Ring  E.  F.  Houghton 

Co.  VIX^SYN 

S-7-9 

1 

Gear  Coupling 

6546BP030 

1 

Gear  Reducer  -  Philadelphia  Gear 

V/orks  R.  H.  Assembly  3.36;  1 

3103 

1 

Shim 

6546AP010 

4 

Gear  Coupling 

6546BP031 

1 

Emer^ncy  Pump  Assembly 

6546liiH036 

8 

Emergency  Pump  Weldment 

6546aP005 

1 

Gear  Coupling 

6546BP003 

1 

Flywheel  Guard  Assembly 

6546IIN044 

1 

Gear  Coupling 

6546BP032 

1 

Pressure  Gage  -  U.S.  Gage  No.  600 

Std.,  3  1/2  dial 

0-160  Psi 

1 

Piromstic  Vent  Gap  -  Morse-Smith- 
Morse,  or  equal 

V-IS 

1 

Pressure  3v;itch  Mounting  Assembly 

6546BN045 

1 

Gage  Glass 

6546AP333 

1 

Motor  and  Tachometer  Assembly 

6546DN030 

1 

Tachometer  Casting 

6546DP053 

1 

Shaft  Extension  and  Coupling 

Assembly 

6546AM039 

1 

Flexible  Coupling  Insert  -  Certified 

Size  1 

1 

Flexible  Coupling  (Half)  -  Certified 

Size  1 

1 

Tachometer  Assembly 

6546GN029 

1 

Tachometer,  Re ope  rated 

6546CP060 

1 

Tachome  ter  R ing 

6546AP231 

1 

Fie.  2.34 

Flywheel  and  Bearings 

6546BN007 

1 

Flywheel 

6546DP013 

1 
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11 

9 

10 

3 

4 
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Fig.  2.35 


Pan  la. 

Name  of  Part  yunijer  Reg, 

Oil  Disk  -  Inner  6546BP027 

Oil  Disk  -  Outer  6546BP026 

Oil  Container  Support 

Alvor  Container  -  Plat  Side  SOIL 

Glass  Lunkenhelmer 

Baffle  6546BP413 

Baffle  6546BP416  1 

Baffle  6546BP415  1 

Baffle  6546BP414  1 

Bearing  and  Viper  Assembly  - 
Pump  Side 

Bearing  Assembly  6546BN072  1 

Wiper  Assembly  6546AN048  1 

Wiper  Assembly  6546AH049  1 

Bearing  and  Wiper  Assembly  - 
Motor  Side 

Bearing  Assembly  6546BN010  1 

Wiper  Assembly  6546A1I048  1 

Wiper  Assembly  6546AN049  1 

Base  Assembly  6546DH009  1 

Base  6546BP009  1 

Cap  and  Gasket  Assembly  6546AN045  1 

Emergency  Rod  Control  Assembly  6546EH038  1 

Hydraulic  Pump  -  The  Oilgear  Co. 

Drg.  56746  1 

Stroke  Control  Assembly  6546DN045  1 

Stroke  Control  and  Pump  6546DN050  1 

Machining  Assembly 

Stroke  Control  Machining  Assembly  6546DN041  1 

Piston  and  Valve  Body  6546DP115  1 

Torque  Motor  Plate  6546DP116  1 

Bearing  Support  6546CP125  1 

Limit  Stop  Spool  6546AP422  1 

Yoke  6546AP421  1 

Plunger  6546AP422  1 

Thimble  6546AP424  1 

Emergency  Shutdown  Spring  6546AP649  1 

Solenoid  National  Acme  Go.  KKK100CP8A  1 

Shim  6546AP427  1 

Plate  6546AP426  1 

Torque  Motor  —  A.C.  Control  FPE49-10— 2  1 

Motor  Diehl 


10 

Cylinder  Cap 

65463P287 

1 

11 

Shim 

6546AP403 

1 

12 

Power  Piston 

6546BP286 

1 

15 

16 

Restraining  Spring  Assemt>ly 
Spring  -  Hardware  Products  Coe 
.023  wire,  .063  Pitch 

3/16  OD  X  2"  Ig. 

6546BN062 

1 

17 

Pin  -  Power  Piston 

6546AP401 

1 

18 

T  r\ 

Peedhack  Lever 

6546BP285 

1 

19 

Dither  Link 

6546AP397 

1 

CO  to  JO  to 
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Refer  to 

M 

i’ie.  2.S5 

ITame  of  Part 

Rea 

20 

Pilot  Sleeve  Link 

6546AP411 

2 

21 

Pin  (Pilot  Sleeve) 

6546AP400 

4 

22 

Ball  Bearing  ~  New  Departure, 
or  equal 

R6 

1 

23 

Limit  Stop  Shaft 

6546AP420 

1 

24 

Ball  Bearing  -  New  Departure, 
or  equal 

M 

1 

25 

Pin  (Dither) 

6546AP399 

2 

26 

Pilot  Sleeve 

6546BP288 

1 

27 

Pilot  Valve  Assembly 

6546AM038 

1 

28 

Ball  Bearing  —  New  Departure, 
or  equal 

il4  Glass  5 

1 

29 

Dither  Gear 

6546AF370 

1 

30 

Dither  Eccentric 

6546AP393 

1 

31 

Dither  Eccentric  Weldraent  and 
Machining  Assembly 

6546BH047 

1 

32 

Ball  Bearing  —  Norma  Hoffman, 
or  equal 

U112 

1 

33 

Spacer 

6546AP394 

1 

34 

Retaining  King  Truarc 

5000-87 

2 

35 

Spac  0  r 

D546AP497 

1 

36 

Retaining  Ring 

5100-37 

2 

37 

Ball  Bearing  —  New  Departure, 
or  equal 

R6  Glass  5 

1 

Wire  Lead  Assembly 

6546BP256 

1 

13 

Back  Up  Piston 

6546AP378 

1 

14 

Back  Up  Cylinder 

6546aP264 

1 

Rheostat  100  or  250  ohms  as 
required  IRC 

PR-25 

1 

Terminal  Strip  Jones 

142-4 

2 

2  >36 

Terminal  Strip  Jones 

141-2 

1 

Limit  Stop  Assembly 

6546M035 

1 

Limit  Stop  Housing 

6546BP022 

1 

Limit  Stop  Housing  Cover 

6546UP108 

1 

A 

Limit  Stop  Gear  Reduction  Assembly 

6546CN011 

1 

1 

Pickup  Shaft  Assembly 

6546BN041 

1 

2 

Ball  Bearing  --  New  Departure, 
or  equal 

488013 

1 

3 

Bearing  Retainer 

6546AP227 

1 

4 

Idler  Gear  Shaft  Assembly 

6546BN040 

1 

Grear  Plates 

6546GP059 

1 

5 

Pront  Plate 

6546BP125 

1 

6 

Spacer 

6546AP184 

1 

7 

Rear  Plate 

6546GP090 

1 

8 

Centering  Indicator 

6546AP290 

1 

9 

Bearing  Retainer 

6546AP183 

2 

10 

Intermediate  Shaft  Assembly 

6546BN032 

1 

12 

Cam  Plate 

6546BP156 

1 

13 

Com 

6546AP226 

2 
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to 

Part 

Name  of  Part 

N\miber 

Msi 

11 

Cram  -  Alternate  -  To  "be  used 
instead  of  6546AP226  if  rod 
travel  is  reduced  by  more  than 
six  feet 

6546AP381 

1  or 

Limit  Stop  Arm  Assembly 

6546BN048 

1 

14 

Limit  Stop  Arm 

6546BP188 

1 

15 

Plunger  Bearing  Pin 

6546AP292 

2 

16 

Limit  Stop  Pickup  Pin 

6546AP291 

1 

17 

Ball  Bearing  Pafnlr 

K3-L 

2 

Input  Shaft  Assembly 

6546BM031 

1 

18 

Ball  Bearing  -  New  Departure 

488009 

1 

19 

Eetaining  King  Truarc 

5100-35 

2 

20 

Shaft 

6546AP141 

1 

21 

Gear  20P,  18T  Boston  Gear 

Ni^l83 

1 

22 

Ball  Bearing  New  Departure 

88500 

1 

23 

Retaining  Ring  Truarc 

5100-39 

1 

24 

Universal  Joint  (Curtis) 

Boston  Gear 

G-644B 

1 

25 

Universal  Joint  V/eldinent 

6546AP285 

1 

Universal  Joint  Coupling  Rod 

6546AP284 

1 

26 

Limit  Stop  Pinion  Coupling 

6546BP189 

1 

27 

Retaining  Ring  Truarc 

5100-50 

1 

28 

Ball  Bearing  New  Depa.rture 

488013 

1 

29 

Ball  Bearing  New  Departure 

83013 

1 

30 

Shaft 

6546BP207 

1 

31 

Bearing  Retainer 

6546AP283 

1 

32 

Bearing  Retainer 

6546AP227 

1 

Centering  Spring  Assembly 

6546BN049 

2 

33 

Centering  Spring  Housing 

654631^190 

1 

34 

Centering  Spring  Plunger 

6546A1'288 

1 

35 

Centering  Spring 

6546AP303 

1 

36 

Centering  Spring  End  Cap 

6546AP289 

Emergency  Pump  Assembly 

(Identical  with  Emergency  Pump  Assembly 

6546EN036  except  for  Limit  Stop) 

6546i;N037 

6 

Limit  Stop  Assembly 

6546DN036 

1 

Limit  Stop  Housing 

6546i;P022 

1 

Limit  Stop  Housing  Cover 

6546DP108 

1 

B 

Limit  Stop  Gear  Reduction  Assembly 

6546CN019 

1 

1 

Pickup  Shaft  Assembly 

65463N041 

1 

2 

Ball  Bea.ring  New  Departure 

483013 

1 

3 

Bearing  Retainer 

6546AP227 

1 

Gear  Plate 

6546CP059 

1 

5 

Front  Plate 

6546BP125 

1 

6 

Spacer 

6546AP184 

1 

7 

Rear  Plate 

6546GP090 

1 
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Centering  Indicator 
Beeurlng  Eetainer 
Intermediate  Shaft  Assembly 
Cam  Plate 
Cam 

Cam  -  Alternate  -  To  be  used 
instead  of  6546AP226  if  rod 
travel  is  reduced  by  more  than 
six  feet. 

Remainder  of  parts  Identical  with 
that  of  6546DN035 


Part 

Number 

6546AP290 

6546AP183 

6546BN032 

6546BP166 

6546AP226 


1 

2 

1 

1 

1 

1  or  2 


Part 

Number 


See  Emerge ncy-Hod  System 

Rack  Bearing  Support  Asaembly 

See  Emergency-Hod  System 

Overtravel  Stop  Assembly 

See  Emergency-Rod  System 

(Limit  Stop  Pinion  Assembly  not  used 

on  Rod  No.  9) 


Base  Weldment 


Support  Weldment 
Shaft 

Pillow  Block  Pafnlr  1  l/4  Bore 
Key 

Key  1/4  x  1/4  x  2  3/4 
Slip  Coupling 
Gear  ) 

Gear  ) 

Gear  ) 

Gear  )  Change  Gears 
Gear  ) 

Gear  ) 

Gear  ) 

Motorized  Worm  Gear  Reducer 
D.  0.  James  Mfg.  Go.  Position  No.  21, 
Ratio  43:1,  1  h.p.,  3  phase,  60  ops, 
440  V,  low  Starting  Current  Kotor 
Coupling 

Motor  —  G.E.Co.  1/6  h.p.,  3  phase, 

60  cpa,  440  V 

Motor  Support  Weldment 

Coupling  -  Boston  Gear  Works  - 

1/2  and  5/8  bores 

Double  Worm  'Gear  Reducer  — 

D.  0.  James  Mfg.  Co.,  Ratio  1900:1 
Right-Hand  Assembly 


6546RN007 

6546EP025 

6546CH023 

6546CP081 

6546BP192 

Type  LAK 

6546AP235 

6546CP035 
6546CP134 
6546CP135 
6546CP136 
6546CP137 
6546CP138 
6546GP139 
6546GP140 
Size  No.  35W 


6546AP388 

5K43AG318A 

6546GP142 

PCB-16 

Size  274W 
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Housing  Weldment 

Cover  Weldment 

Cap 

Gear 

Shaft 

Sleeve 

Shim 

No.  8  Morse  Taper  Fin  2  3/4  Ig. 
Bearing  Spacer 
Hetainer 
Bearing  Case 

Boiler  Bearing  -  Timken 


Re tainer 
Bearing  Case 
Retainer 
Shim 
Sleeve 
Shaf  t 

Cage  Weldment 

Gear 

Shaft 

Boiler  Bearing  -  Timken 

Bearing  Spacer 

Roller  Bearing  -  Timken 

Gear 

Gear 

Shim 

Shaft 

Center  Block 

Roller  Bearing  -  Timken 


fart  ££ 

Kumher  Mi 

6546BF272  1 

6546CF141  ] 

6546HN032  ] 

6546DP110 

6546fiF023 

6546BF215 

6546BF203 

6546BF217 

6546AF321 

6546AP325 

6546AP331 

6546BF220 

6546BF218 

Cone-13175 

Cup  -13318 

6546DN040 

6546BF220 

6546BF218 

6546BP219 

6546AP324 

6546AP330 

6546BP221 

6546CP124 

6546BP204 

6546BP222 

Cone-13175 

Cup  -13318 

6546AP331 

Cone  375 

Gup  374  ( ad j . ) 

6546a^300 

6546AP301 

6546AP323 

6546AP322 

6546AB329 

Cone-06075 

Cup-051858 


Time  Delay  Relay  Assembly 
Relay  Box 
Spacer 

Relay  Panel  Assembly 
Relay  Panel 

Capacitor  1  mfd,  600  V  d-c 

Cornell-Dubilier 
Selenium  Rectifier  Stack 
Time  Delay  Relay  CePeClare  and  Co 


6546BN076 


6546GP249 

DYR-6100G 

B6BHHLbiM 

A39299 


'  iis  '' 

i  # 

■ 

. 

t 

i 
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RECTIFIER 

STACKS 


PLUGGING 

RELAYS 


CAPACITORS 


FIGDEE  2.38  PLUGGING  EEIAY  ASSEMBLY 
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For  mechanical  assembly  of  components  of  the  rod-drive 
mechanism,  see  Parts  List  for  Regulating  Rod  Ho.  9. 


Wiring  Diagram  -  Smergency  Hod  No.  1 

Wiring  Diagram  -  Rinergency  Rod  No.  2 

WiriJig  Diagram  -  Emergency  Hod  No.  3 

Wiring  Diagram  -  Smergency  Rod  No.  4 

Wiring  Diagram  -  Emergency  Rod  Ho.  5 

Wiring  Diagram  -  Emergency  Rod  No.  6 

Wiring  Diagram  -  Emergency  Hod  No.  7 

Wiring  Diagram  -  Emergency  Hod  No.  8 

Wiring  Diagram  -  Emergency  Hod  No.  10 

Wiring  Diagram  -  Emergency  Hod  Ho.  11 

Wiring  Diagram  -  Emergency  Hod  No.  12 

Wiring  Diagram  -  Emergency  Hod  No.  13 

Wiring  Diagram  -  Emergency  Hod  Ho.  14 

Wiring  Diagram  -  Emergency  Hod  No.  16 

Wiring  Diagram  Emergency-Rod  Drive  Motors 

Elementary  Diagram  Regulating  Rod  No.  9  Drive  Motors 

Wiring  Diagram  -  Regulating  Rod  No.  9 

Automatic  Power  Regulator  Power  Supply  E40 

Elementary  Diagram  Reactor  Automatic  Power  Regulator 

Automatic  Power  Regulator  Amplifier 

Automatic  Power  Regulator  Amplifier  E41 

Automatic  Power  Regulator  Power  Supply  E40 


6546DK014 

6546DK015 

6546DK016 

6546DK017 

6546DE018 

6546DK019 

6546DK020 

6546DK021 

6546DK023 

6546DK024 

6546DK025 

6546DK026 

6546DK027 

6546DK029 

6546DK013 

6546GK023 

6546CK022 

6546DK041 

6546DK035 

6546CE043 

6546EN047 

6546EH046 


Emergency— Rod  Electric  Drive  Motor,  Tachometer,  and  Motor  Control, 
Engineering  Report  No.  37 

Energy  Conversion  System  of  the  Type  Proposed  in  Engineering 
Report  No.  3,  Study  of  Gearing  Requirements  of  an. 

Engineering  Report  No.  4 

Energy  Storage  for  Emergency  Operation  of  Control  Rods,  Comparative 
Study  of  Methods  of  Providing, 

Engineering  Report  No.  3 

Flywheel  Design  for  Emergency  Rods, 

Engineering  Report  No.  26 

ManTial  Drives,  Design  of. 

Engineering  Report  Ho.  17 

Overtravel  Stop  and  Drive  Pinion,  Control  Rod, 

Engineering  Report  No.  25 

Punq?  and  Motor  for  Emergency  Rods,  Hydraulic, 

Engineering  Report  No.  32 
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Racks,  Control  Rod,  Design  of, 

Engineering  Report  Ho.  21 

Stroke  Control,  Hydraulic  Pump,  for  Emergency  Rods, 
Engineering  Report  No.  33 

Stroking  Forces,  Dynamic,  of  Oilgear  AH311  Pump, 

Engineering  Report  No.  10 

Supports,  Rack  Bearing,  Design  of, 

Engineering  Report  No.  13 

Regalating“Rod  Drive, 

Engineering  Report  No.  28 

Reversal  Time  and  Backlash  of  l/6-Horsepower  Reduction  Motor 
Driving  D.  0.  James  Reducer  under  No  Load  Conditions, 
Engineering  Report  No.  38,  Part  1 

Coasting  Time  and  Power  Consumption  of  Above  Combination 
under  Load  Conditions, 

Engineering  Report  No.  38,  Part  2 

Automatic  Pov/er  Regulation  for  Brookhaven  Reactor, 
Engineering  Report  No.  57 

Friction  Coefficient  between  Graphite  and  a  Metal  Surface, 
Engineering  Report  No.  9 

Regulating-Hod  Position  Transmitter,  Design  of, 

Engineering  Report  No.  23 

Solution  of  the  Differential  Equations  of  a  Pile, 

Engineering  Report  No.  16 
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CHAPTER  III 

ROD-POSITION  INSTRUMENTATION 


Introduction 

Safety  in  operation,  adequate  control  procedure,  and  the 
collection  of  experimental  data  at  the  Brookhaven  nuclear  reactor 
are  dependent  on  the  rod-position  instrumentation.  Various  indica¬ 
tions  and  records  of  position  for  each  of  the  l6  control  rods  are 
provided  to  meet  these  requirements. 

Rod-position  data  are  provided  in  the  control  room  hy  four 
groups  of  instruments,  which  are  functionally  distinct.  Designations 
and  functions  of  the  four  are  as  follows: 

Position  indicators  for  the  regulating  rods  - 
provide  precise  indication  of  the  position  of 
each  of  the  two  regulating  rods. 

Position  indicators  for  the  emergency  rods  - 
provide  precise  indication  of  the  position  of 
each  of  the  l4  emergency  rods. 

Coarse  rod-position  indicators  for  all  rods  - 
provide  approximate,  easily  read  indications  of 
the  positions  of  the  l6  rods. 

Rod-position  recorders  for  all  rods  -  provide 
graphical  records  of  the  positions  of  each  of 
the  l6  rods. 

Rod-position  data  originate  at  the  instrument  pinions  on 
the  control-rod  structure.  One  pinion  is  driven  hy  each  rack,  Each 
instrument-pinion  shaft  is  directly  connected  to  the  innut  shaft  of 


104 


3.2 


a  rod-position  transmitter,  from  which  electrical  sisals  are  transmitted 
to  the  indicating  and  recording  instmments  in  the  control  room.  In  each 
of  the  transmitters,  an  appropriate  gear  train  drires  the  electrical  sig¬ 
naling  devices  for  the  three  systems  applicable  to  its  particular  rod. 
Power  for  all  systems  is  furnished  at  II5  volts,  single  phase,  60  cycles 
per  second  from  the  instrument  power  generator. 

The  coarse  rod-position  indicators  are  equipped  with  separate 
indicating  lights  to  show  when  any  rod  has  reached  its  limit  of  travel 
in  either  direction.  Limit  switches  with  roller  arms  hearing  on  the 
racks  provide  signals  for  these  indicating  lights. 

The  indicating  and  recording  apparatus  are  adjusted  to  read 
zero  for  a  rod  insertion  (in  the  graphite)  of  six  inches  (15. 2U  cm.). 
Normal  operation  of  the  pile  is  expected  to  take  place  in  the  range 
between  5*6”  and  25*6”  of  rod  insertion,  which  will  be  in  the  range  of 
instrument  readings  betv/een  1.524  meters  and  7.620  meters.  Full  travel 
of  a  rod  is  considered  to  be  25  feet  or  7-620  meters. 

2.  Regulat ing-Rod  Position  Indicators  -  System  Description 

The  regulating-rod  position  indicators  v/ere  designed  to  provide 
a  reading  of  rod  position  v/ith  a  static  accuracy  of  ^  0,25  millimeter. 

Fach  regulating-rod  position  indicator  consists  of  the  follow¬ 
ing  components: 

An  instrument  pinion  for  sensing  rod  position 
through  the  rack  attached  to  the  rod, 

A  rod-position  transmitter,  located  on  the  rod 
structure,  containing  a  pair  of  synchro  trans¬ 
mitters  and  necessary  gearing. 
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An  Indicating  "unit  containing  two  synchro  control- 
transformers,  an  electric  servo-^motor,  indicating 
dials,  and  necessary  gearing.  This  assembly  is 
moimted  on  operator's  console  in  the  control  room. 

An  amplifier  for  modifying  the  signals  provided 
by  the  synchro  control-transformers  for  use  by  the 
servo-motor.  This  apparatus  is  located  in  the 
equipment  room. 

The  system  arrangement  is  shown  schematically  in  Figure  3.1* 

Rack  movement  is  transmitted  through  the  Instrument  pinion  to  the 
transmitter  input  shaft.  Inside  the  transmitter  this  shaft  is  directly 
coupled  to  the  fine  synchro- gen  era  tor  and,  throu^  a  reducing  gear  train, 
to  the  coarse  synchro- generator.  Additional  gears  (not  shown  in  Figure 
3.1)  transmit  input  shaft  rotation  to  components  of  the  other  rod-position 
instruments.  Relative  displacements  in  the  transmitter  are  shovm  in  the 
following  table. 

Relative  Displacements.  Regulating-Rod  Position  Transmitter 


Shaft 

Revolutions  per 
Revolution  of 
Instrument 
Pinion 

Revolutions 
Per  in.  of 
Rod  Travel 

Revolutions 
Per  cm.  of 
Rod  Travel 

Revolutions 
For  Full 
Rod  Travel 

(25') 

Instrument  Pinion 

-  -  - 

0. 1592 

0,0627 

‘^7.77 

Fine  Synchro 

1 

0. 1592 

0.0627 

>+7.77 

Coarse  Synchro 

o.o4 

0.00637 

0.00251 

1.91 

In  the  indicating  unit,  three  dials,  designated  METRRS,  DECIMETERS, 
and  CENTIMETERS,  respectively,  indicate  rod  insertion  into  the  reactor.  The 
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INDICATOR  ON  CONSOLE  IN  CONTROL  ROOM 


note:  numbers  on  gears  designate 

NUMBER  OF  TEETH 


FIGURE  3.1  REGULATING-ROD  POSITION  INDICATING  SYSTEM 
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left-hand  dial  haa  10  numhered  graduations,  each  representing  one  meter 
of  rod  travel.  The  center  dial  la  similarly  graduated  in  declmetera. 
The  rl^t-hand  dial  has  10  numhered  gradxiations,  each  representing  one 
centimeter,  and  intermediate,  unnumbered  graduations  representing 
millimeters,  A  vernier  at  this  dial  permits  reading  to  0.1  millimeter. 
The  dials  are  illuminated  hy  a  115-volt  lamp,  which  is  energised  from 
the  servo-motor  reference- field  circuit.  The  servo-motor  drives  the 
indicating  dials  through  a  gear  train,  and  dial  rotation  is  fed  hack 
through  the  drive  train  to  the  synchro  control- transformer  shafts. 
Relative  displacements  in  the  indicator  are  given  in  the  following 
table. 


Relative  Displacements,  Regulating-Rod  Position  Indicator 


Shaft 

Revolutions  per 
Revolution  of 
Centimeter 

Dial 

Revoluti ons 
Per  in.  of 
Rod  Travel 

Revolutions 
Per  cm.  of 
Rod  Travel 

Revolutions 
Por  Pull 
Rod  Travel 

(25'.), . 

Centimeter  Dial 

_  -  _ 

0.254 

0.100 

76.2 

Decimeter  Dial 

0.10 

0.0254 

0.010 

7.62 

Meter  Dial 

0.010 

0.00254 

0.001 

0.762 

Servo-Motor 

l6 

4.064 

1. 600 

1219 

Pine  Control- 
Transformer 

0.628 

0. 1592 

0.0628 

>+7.77 

Coarse  Control- 
Transformer 

0.0251 

0.00637 

0.00251 

1.91 

The  amplifier  has  an  automatic  flne-to-coarse  switching  circuit, 
five  stages  of  amplification,  and  a  self-contained  power  supply.  Two 
manual  adjustments  are  provided,  one  to  set  the  gain  of  the  amplifier,  the 
other  to  balance  electrical  interference  of  power  frequency. 
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In  normal  operation.  Indicating  dial  movement  is  controlled  "by 
the  fine-synchro  system  through  the  amplifier  and  the  servo-motor.  Rod 
movement  causes  rotation  of  the  synchro- generator.  The  resulting  error 
voltage  from  the  control-transformer  rotor  is  impressed  on  the  amplifier. 
The  amplifier  output  drives  the  servo-motor  to  turn  the  dials  in  the 
direction  corresponding  to  rod  movement,  and  dial  rotation  is  fed  hack 
mechanically  to  the  control-transf ormer  rotor,  turning  the  rotor  to  re¬ 
duce  the  error  voltage. 

The  coarse  synchro  system  acts  as  a  monitor  to  prevent  loss  of 
synchronism  if,  for  any  reason,  the  error  exceeds  the  range  of  the  fine 
system.  In  this  event,  a  relay- operated  svdtch  in  the  amplifier  cuts 
out  the  fine  system  and  cuts  in  the  coarse  system.  The  latter  then 
controls  dial  movement  until  the  error  is  reduced  to  less  than  75  degrees 
on  the  fine  synchro,  when  the  relay  switch  is  shifted  hack,  and  the  fine 
system  assmes  control. 

3.  Regulating-Rod  Position  Indicators  -  Component  Description 

3a.  Instrument  Pinion  and  Support  -  The  instrument  pinion-and- 
support  assembly  Is  shovm  pictorially  in  Figure  3.2.  This  assembly  is 
supported  by  a  i-/edge-plate  weldment  and  adjustable  vredge  assembly  simi¬ 
lar  to  that  for  the  rack  bearing  support  shown  in  Figure  2.3,  Ch,  II. 

A  disassembled  view  of  the  pinion- and- support  assembly  is 
given  in  Figure  3.26. 

3"^.  Rod-Position  Transmitter  -  The  regulating-rod  position  trans¬ 
mitters  contain  elements  of  the  coarse  rod-position  indicators,  rod- 
position  recorders,  and  the  automatic  pov;er-level  regulator,  as  well  as 
of  the  regulating-rod  position  indicator.  This  transmitter  is  shown 
pictorially  in  Figure  3.3.  G-earing  and  instrument  arrangement  and 
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FIGUEE  3.2  INSTHUMEOT  PHTIOE  SUPPOET 


FIGURE  3.3  EEGUIATING-EOD  NO.  9  POSITION  TEANSMITTER 
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interior  wiring  for  Hod  No.  I5  are  shown  schematically  in  Figure  3.^. 

The  transmitter  for  Hod  No.  9  1®  identical,  except  that  the  Beckman 
helipot  is  not  required.  The  disassemhled  parts  of  a  transmitter 
appear  in  Figure  3.^7* 

The  electrical  elements  of  the  regulating-rod  position  indicator 
in  this  transmitter  are  the  fine  and  coarse  synchro- generators,  U,  S.  Navy 
type  Mark  5#  size  1G-, 

Because  of  the  high  degree  of  accuracy  of  data  transmission 
required  hy  this  system,  the  mechanical  components  of  the  transmitter 
v;ere  selected  and  designed  to  keep  backlash  within  required  limits.  All 
gears  are  commercial  precision  gears  manufactured  by  the  Reeves  Instrument 
Company.  Spring-type  anti-backlash  couplings  connect  the  synchro-generators 
to  the  gearing.  The  c ou.pl ing  between  the  instrument  pinion  and  the  trans¬ 
mitter  is  also  of  an  anti-backlash  type. 

3c.  Position-Indicating  Units  -  The  two  indicating  units  are  located 
on  the  right  vdng  of  the  console  and  appear  as  shown  in  Figure  3.5*  ^ 

rear  vievT  of  one  unit  is  shovn  in  Figure  3*6.  Cearlng  and  instrument 
arrangement  and  interior  wiring  for  Hod  No,  9  shovm  schematically  in 

Figure  3*7*  Disassembled  parts  are  presented  in  Figure  3* 

The  two  dial  mechanisms  are  similar  and  are  supported  by  a 
mounting  frame  vrhich  is  bolted  to  the  console  panel.  An  aluminum  shield 
at  the  back  and  a  clip-on  cover  in  front  are  attached  to  the  mounting 
frame  to  enclose  the  mechanisms. 

The  control- transformers  are  U,  S,  Navy  type,  Mark  5*  size  ICT, 
They  are  flange-mounted  to  facilitate  zeroing  and  are  connected  to  the 
appropriate  gear  shafts  by  spring-type  anti-backlash  couplings. 
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FIGUEE  3.5  EEGUIATIWG-ROD  POSITION  INDICATING  UNIT 
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TRANSFORMER. 
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FIGUEE  3.6  EEGUIATING-EOD  POSITION  INDICATING  UNIT 
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The  servo-motor  is  a  tv/o-phase,  115-volt  motor,  Diehl  Manufacturing 
Company,  Type  FPS  25-11. 

All  gears  ere  precision  spur  gears,  manufactured  “by  the  Reeves 
Instrument  Company.  At  assembly,  gear  hubs  are  secured  to  their  shafts 
by  setscrews,  but,  after  dial  synchronization,  are  permanently  fastened 
by  taper  pins.  All  shafts  are  supported  in  ball-bearing  mountings. 

3<1*  Amplifi er  -  The  amplifier  for  each  regulating^rod  position 
indicator  contains  its  power  supply  on  its  ovm  chassis.  These  units  are 
located  in  cabinet  TBI3I  in  the  equipment  room.  They  are  illustrated  in 
Figure  3*2.  The  circuit  is  'shown  in  Figure  3*9. 

In  the  power  supply,  a  full-wave  rectifier  with  a  single- section 
choke-input  filter  provides  d-c  working  voltage.  Unregulated  power  is 
supplied  directly  to  the  final  stage  of  the  amplifier,  but  a  150-volt  regu¬ 
lating  network  supplies  power  to  the  rest  of  the  amplifier. 

The  five- stage  amplifier  uses  two  dxial  triodes  with  a  final  push- 
pull  stage  of  beam-povrer  pentodes  that  are  transformer-coupled  to  the 
servo-motor.  The  input  stage  includes  an  adjustable  gain  control  and  a 
servo- stabilizing  tuned  netvrork.  Coupling  to  the  second  stage  includes 
a  resistance-capacitance  noise  filter.  Voltage  of  proper  phase  is  intro¬ 
duced  into  the  cathode  of  the  second  stage  to  reduce  output  voltage  to 
zero  when  the  input  terminals  are  shorted.  With  the  exception  of  the 
third  stage,  which  is  direct-coupled  to  a  phase- inverter  feeding  the  two 
signal  grids  of  the  output  stage  In  push-pull,  the  amplifier  uses  resis¬ 
tance-capacitance  coupling. 

A  synchronizing  relay  switches  from  the  fine  to  the  coarse 
synchro  as  dictated  by  the  magnitude  of  the  coarse-synchro  signal,  A 


FIGUEE  3.8  AMPLIFIER  FOR  EEGUIA  TING -ROD  POSITION  INDICATOR 
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INDICATOR 
R0DN0.9 


HUBBELLTYPE  7572 
115  VOLTS  60CPS 
INSTRUMENT  POWER 


NOTE  ;  AMPLIFIER  NO,  15  IDENTICAL 


RI-RESISTOR, 47,000  OHM,  +5%,  I  WATT 
R2-P0TENTIOMETER,  500,000  OHM,  t5%  ,  I  WATT 
R3,R8,RI2,R24,  R25-RESIST0R,4700  OHM,  t5%,  IWATT 
R4,  R9,  RI3- RESISTOR,  100,000  OHM, +5%,  I  WATT 
R5,R6-RESIST0R,  33,000  OHM, +5%, I  WATT 
R7,  RIO.  RII,R30-RESIST0R. 470,000  OHM, 15%,  I  WATT 
RI4,  RI5  -  RESISTOR  ,  I  MEGOHM,  15%,  I  WATT 
RI6,  RI7-RESIST0R,  27,000  OHM.  i5%,  1  WATT 
RI8,R19-RESIST0R,  220,000  OHM,  15%,  I  WATT 
R20-RESIST0R,  100,000, OHM,  15%,  5  WATTS 
R2I,R22-RESI5T0R,  100  OHM,  15%,  I  WATT 
R23-P0TENTI0METER,  600  OHM,  110%,  I  WATT 
R26-RESIST0R, 10,000  OHM, 15%,  I  WATT 
R27- RESISTOR,  1000  OHM,  15%,  5  WATTS 
R28-RESI5T0R,  1500  OHM,  15%,  5  WATTS 
R29-RESIST0R,  2500  OHM,  +5%,  5  WATTS 
CI-THREE  capacitors:  TWO  SMALL  MOLDED  AND  ONE 
.05  MFD,  CAN  TYPE  (AEROVOX  TYPE  418  B)  SELECTED 
TO  RESONATE  WITH  CHOKE  LI  AT  1.25  VOLTS,  60  CPS. 
(REQUIRED  CAPACITY  APPROX,  0.1  MFD) 


C2,C5,C6.C7-CAPAC!T0R,IMFD,l(07o,  AEROVOX  TYPE  4I8CB 
C3,C4-CAPACIT0R,  DUALTYPE, O.l-O.l  MFD.CD.TYPE  DYR60II 
Ce- CAPACITOR  0.25  MFD, ll07o,  C  D.  TYPE  DYR6025 
C9- CAPACITOR  IOMFD,1IO%,  AEROVOX  TYPE  609 
CIO.CII-CAPAGITOR  4  MFD,  110%,  AEROVOX  TYPE  609 
C12-CAPACITOR,6MFD,±IO%,C.D.  TYPE  TJ6060G 
CI3-CAPACIT0R,0.I  MFD, 110%,  AEROVOX  TYPE  6I8B 
LI-INDUCTOR,  RAYTHEON  TYPE  M-10750-1 
L2-IN0UCT0R,  THORDARSON  TYPE  T-20C54 
TI-TRANSFORMER, RAYTHEON  TYPE  Ml(645-I 
T2-TRANSF0RMER, THORDARSON  TYPE  T-22R33 
VI,  V2,V7- VACUUM  TUBE,  TYPE  6SN7  OR  TYPE  5692 
V3,V4-VACUUM  TUBE, TYPE  6L6GA 
V5- VACUUM  TUBE,  TYPE  5U4G 
V6- VOLTAGE  REGULATOR  TUBE,VR-I50  (0D3) 

II-PILOT  LAMP,  GE#47 
SI-SWITCH,  CUTLER-HAMMER  TYPE  7360K8 
FI,F2-FUSE  BUS,  3AG,  3AMP 
K-RELAY,  SIGMA  TYPE  4A 


FIGURE  5.9  AMPLIFIER  FOR  REGULATING-ROD  POSITION  INDICATOR  -  ROD  NO.  9 


plate-current  relay  in  series  with  one  half  of  a  dual  triode  is  normally 
energized,  maintaining  the  fine- signal  input  to  the  amplifier.  The 
second  half  of  the  triode,  connected  as  a  diode,  rectifies  negative 
half-cycles  of  the  coarse  synchro-control-transf ormer  voltage.  When 
this  rectified  voltage,  smoothed  hy  a  resistance-capacitance  filter, 
exceeds  approximately  4,0  volts,  the  applied  negative  voltage  on  the 
grid  of  the  switching  section  of  the  tube  reduces  the  current  in  the 
relay  coil  helow  the  holding  level.  The  coarse  signal  is  then  supplied 
to  the  amplifier.  Decay  of  the  coarse  signal  restores  the  amplifier 
input  circuit  to  the  fine  signal. 

4,  Regulating-Rod  Position  Indicators  -  Adjustment 

The  procedure  for  adjustment  of  the  indicator  is  as  follows: 

4a.  Disconnect  one  side  of  each  motor  field  and  one  side  of  the 
control-transformer  at  the  amplifier  terminal  "block.  Short  the  input 
test  points, 

4^.  Adjust  the  "balance  control  for  a  minimum  voltage  at  the 
output  test  terminals.  Tighten  the  locking  nut  while  the  meter  is 
attached, 

4c,  Remove  the  short  from  the  input  test  points. 

4d.  Apply  1  volt,  6o  cycles  per  second  to  the  input  terminals 
and  adjust  the  gain  control  to  produce  6o  volts  at  the  output  test 
terminals. 

4e,  Reconnect  the  motor  fields  and  control-transformers. 

4f,  Set  the  control  rod  at  any  knovm  position. 

4g.  Remove  vacuum  tube  Vy  (Figure  3*9)-  Hnit  should  operate 
normally  except  for  low  sensitivity.  Rotate  stator  of  cce^rse  control- 


transformer  In  the  Indicating  unit  \intil  dials  read  the  kno^n  rod  position, 
4h,  Replace  vacuum  tube  VJ  to  restore  synchronizing  circuit  to  nor¬ 
mal  operation.  Rotate  stator  of  fine  control-transformer  until  dials 
again  read  the  known  rod  position. 

These  are  the  general  steps  required  to  synchronize  the  unit, 

5.  Smergency-Rod  Position  Indicators  -  System  Description 

The  emergency-rod  position  indicators  were  designed  to  provide 
a  reading  of  rod  position  with  a  static  accuracy  of  plus  or  minus  one 
millimeter. 

The  arrangement  of  the  system  is  shovci  schematically  in  Figure 
3.10.  It  is  similar  to  the  regulating-rod  position  indicating  system,  hut 
is  simpler  because  of  the  less  severe  accuracy  requirement.  The  system 
has  a  single  electrical  data  transmission  circuit  since,  in  this  system, 
synchronization  Is  effected  manually.  Each  emergency-rod  position  indi¬ 
cator  consists  of  the  following  components: 

^  instrument  pinion  for  sensing  rod  position 
through  the  rack  attached  to  the  rod. 

^  rod-position  tran smitter.  located  on  the  rod 
structure,  containing  a  synchro-generator  and 
necessary  gearing, 

indicating  unit  containing  a  synchro  control- 
transformer,  a  servo-motor,  indicating  dials, 
and  necessary  gearing.  This  assembly  is  located 
on  Control  Panel  M  in  the  control  room, 

Q-^pli^i Qr  for  modifying  the  signal  provided  by 
the  synchro  control-transformer  for  use  by  the 
servo-motor.  This  apparatus  is  located  in  the 
equipment  room. 


FIGURE  5 JO  EMERGENCY-ROD  POSITION  INDICATOR 
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3-20 

The  arrangesnent  of  the  instrument  pinion  and  its  connection 
to  the  transmitter  shaft  are  similar  to  that  of  the  regulating-rod 
indicators.  Inside  the  transmitter,  the  single  synchro- genera tor  is 
driven  from  the  innut  shaft  through  a  gear  train,  and  additional  gears 
(not  shown  in  Figure  3*10)  transmit  shaft  rotation  to  components  of 
the  other  rod-position  instruments.  Relative  displacements  are  shown 
in  the  following  Table. 

Relative  Disnlacements, 

Fmergency-Rod-Positi on- Indicator  Components 


in  the  Transmitter 

Shaft 

Revolutions  per 
Revolution  of 
Instrument 
Pinion 

Revolutions 
Per  in.  of 
Rod  Travel 

Revolutions 
Per  cm.  of 
Rod  Travel 

Revolutions 
For  Pull 
Rod  Travel 

(25') 

Instrument  Pinion 

-  - 

0.1592 

0.0627 

47.77 

Synchro  Generator 

0.319 

0.050s 

0.0200 

15.24 

The  l4  indicating  units  are  raoiinted  in  pairs  in  section  seven 
of  Control  Panel  H  in  the  control  room.  Each  pair  is  contained  in  a 
single  base  casting,  the  seven  assemblies  being  arranged  in  a  vertical 
row*  The  front  of  the  panel  is  closed  by  a  metal  door  having  l4  windows 
through  v/hich  the  indicating  dials  can  be  observed.  Appropriate  labels 
identify  the  rods  to  which  the  individual  indicators  belong,  and  also 
indicate  the  dial  units. 

The  left-hand  dial  is  labeled  METERS;  it  has  eight  numbered 
graduations,  each  representing  one  meter  of  rod  travel,  and  intermediate 
graduations  representing  decimeters. 

The  right-hand  dial  of  each  indicator  is  labeled  CENTIMETERS 
and  has  10  numbered  graduations,  each  representing  one  centimeter  of 
rod  travel.  Intermediate  graduations  represent  millimeters.  No  vernier 
is  provided. 
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Bach  pair  of  dials  Is  Illuminated  hy  a  115-volt  lamp,  which 
is  energized  from  the  servo-motor  reference-field  circuit. 

The  servo-motor  drives  the  indicating  dials  throng  a  gear 
train,  and  dial  rotation  is  fed  hack  mechanically  to  the  control- 
transformer,  Relative  displacements  in  the  indicator  are  shown  in 
the  following  Table. 

Relative  Displacements. 

Bmergency-Rod  Position- Indicat or  Components 
in  the  Indicating  Unit 


Shaft 

Revolutions  per 
Revolution  of 
Centimeter 
Dial 

Revolutions 
Per  in.  of 
Rod  Travel 

Revolutions 
Per  cin.  of 
Rod  Travel 

Revolutions 
For  Full 
Rod  Travel 

Centimeter  Dial 

-  - 

0.254 

0.100 

76.2 

Meter  Dial 

0.0125 

0.00318 

0.00125 

0.952 

Servo-Motor 

3.00 

0.762 

0.300 

228.6 

Control- transformer 

0.20 

O.O5O8 

0.0200 

15.24 

A pu^-but ton- operated  slewing  switch,  below  the  dials,  provides 
manual  synchronization  in  case  the  rod  has  been  moved  with  the  Indicator 
de-energized.  Access  to  this  switch  is  obtained  by  opening  the  front 
door  of  the  indicator  panel. 

The  amplifier  has  five  stages  of  amplification  and  a  self- 
contained  power  supply.  Two  manual  adjustments  are  provided,  one  to 
set  the  gain  of  the  amplifier,  the  other  to  balance  electrical  interfer¬ 
ence  of  power  frequency. 

Operation  of  the  system  is  similar  to  that  described  for  the 
regulating-rod  position  Indicator,  The  principal  difference  is  In  the 
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use  of  the  slewing  switch,  Instead  of  the  coarse  synchro,  for  synchroniza¬ 
tion  in  case  the  error  exceeds  the  range  of  the  synchros.  Synchronization 
hy  means  of  the  slev;ing  8\iritch  is  not  necessary  under  any  normal  operating 
conditions  or  after  an  emergency  shutdown.  It  is  only  needed  when  the 
rod  has  "been  moved  with  power  off  the  indicator.  Depression  of  the  slew¬ 
ing  switch  substitutes  for  the  error  voltage  from  the  control- transformer 
a  3.2  volt,  60-cycle-per-8econd  signal  from  half  the  filament  winding  of 
the  power  transformer.  Through  the  amplifier,  this  signal  drives  the 
servo-motor  at  full  speed  until  the  switch  is  released.  Release  of  the 
switch  when  the  dial  is  near  the  proper  position  allows  the  synchro  sys¬ 
tem  to  assume  control,  and  normal  operation  is  resumed. 

6.  Emergency-Rod  Position  Indicators  -  Component  Description 

6a.  Instrument  Pinion  and  Support  -  The  Instrument  pinion  and  support 
assembly  is  shov-n  pictorially  in  Figure  3.2,  page  3.7.  The  construction 
is  similar  to  that  of  the  regulating-rod  instrument  pinion  except  that  less 
severe  tolerances  are  used  in  pinion  and  bearing  design. 

A  disassembled  view  of  the  pinion-and-support  assembly  is  given 
in  Figure  3.26. 

6b.  Rod-Fosition  Transmitter  -  The  emergency-rod  position  transmitter 
contains  elements  of  the  coarse  rod-position  indicator,  the  rod-position 
recorder,  as  well  as  the  emergency-rod  position  indicator.  This  trans¬ 
mitter  is  shovTi  pictorially  in  Figure  3.11.  Gearing  and  instrument  arrange¬ 
ment  and  interior  wiring  are  shown  schematically  in  Figure  3.12.  A  dis¬ 
assembled  view  vdth  parts  identification  is  given  by  Figure  3.29. 

The  gearing  is  composed  of  commercial  precision  spur  gears  manu¬ 
factured  by  the  Reeves  Instrument  Company.  A  spring-type  anti-backlash 
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coupling  connects  the  synchro-generator  to  the  gearing. 

6c.  Position-Indicating  Units  -  Each  position-indicating  unit 
consists  of  a  servo-motor  (Diehl,  Type  FPE  25-11),  a  synchro  control- 
transformer  (U,  S.  Navy,  Mark  5f  Size  ICT),  a  gear  train,  and  an  indi¬ 
cating  dial  assembly.  Typical  internal  wiring  and  the  mechanical 
arrangement  of  the  indicators  are  shown  for  Rods  one  and  two  in 
Figure  3*13.  Pront  and  hack  views  of  another  typical  pair  -  that  for 
Rods  three  and  four  -  are  shown  in  Figures  3*1^  3*15#  respectively. 

A  disassembled  view  of  the  unit  for  Rods  five  and  eight  is  given  in 
Figure  3*3^.  -^11  pictures  apply  equally  to  any  pair,  except  for  the 

terainal  markings  and  the  slewing- switch  nameplates.  Terminal  markings 
for  the  different  indicators  differ  only  in  the  first  letter,  as  shown 
below,  the  second  letter  for  similar  terminals  being  the  same  for  all 
cases. 

First  Letter  of  Terminal  Markings 

Unit  for  Rod  No.  1  2  3  U  5  6  7 

Letter  A  B  C  D  S  F  G 

Unit  for  Rod  No.  8  10  11  12  I3  lU  16 

Letter  H  J  K  L  M  N  P 

The  control- transformer  is  flange  mounted  to  facilitate  zeroing, 
and  is  connected  to  its  gear  shaft  by  a  spring-type  anti-backlash  coupling 
for  easy  removal  and  replacement. 

All  gears  are  precision  spur  gears,  manufactured  by  the  Reeves 
Instrument  Company.  At  assembly,  the  gear  hubs  are  secured  to  their 
shafts  by  setscrews,  but  after  the  dials  have  been  synchronized,  are 
permanently  fastened  by  taper  pins.  Numbers  of  teeth  on  gears  appear  in 
Figure  3.13.  -^11  shafts  are  mounted  in  ball  bearings  in  the  mechanism 

housing. 


3.29 


131 


6(i.  The  amplifiers  for  the  emergency-rod  position  indicators  are 
located  in  Cabinets  TBI38-I  and  TBI3S-2  in  the  equipment  room.  They 
are  identical  with  the  corresponding  equipment  for  the  regulating-rod 
position  indicators  except  that  they  do  not  have  switching  circuits. 

A  single  unit  containing  anqjlifier  with  power  supply  is  illustrated 
in  Figiire  3. 16.  The  circuit  is  shown  in  Figure  3.17. 

7.  Emergency-Rod  Position  Indicators  -  Adjustment 

The  procedure  for  adjustment  of  the  indicator  is  as  follows: 

7a.  Disconnect  one  aide  of  each  motor  field  and  one  side  of  the 
control- transformer  at  the  amplifier  terminal  block.  Short  the  input 
test  points. 

7b.  Adjust  the  balance  control  for  a  mlnlmTim  voltage  at  the  output 
test  terminals.  Tighten  the  locking  nut  while  the  meter  is  attached. 

7c.  Remove  the  short  from  the  input  test  points. 

7d.  Apply  1  volt,  60  cycles  ~.er  second  to  the  input  terminals 
and  adjust  the  gain  control  to  produce  60  volts  at  the  output  teat 
terminals. 

7e.  Reconnect  the  motor  fields  and  control- transformers. 

7f.  Set  the  control  rod  at  any  known  position. 

7g.  Press  the  slewing  push  button  until  the  indicator  gives  an 
approximate  reading  of  rod  position.  Release  slewing  push  button. 

7h.  Rotate  the  stator  of  the  control- transformer  until  the  dials 
indicate  the  known  rod  position. 

These  are  the  general  steps  required  to  synchronize  the  unit. 

8.  Coarse  Rod-Position  Indicators 

The  coarse  rod-position  indicators  are  intended  to  give  approxi¬ 
mate,  easily  read  Information  on  all  rod  positions.  The  rod  position  is 
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RI-RESISTOR,  47,0  00  OHM, +5%,  I  WATT 
R2-P0TENTI0METER,  500,000  OHM,  tlO%,  IWATT 
R3,R8,RI2,R24,R25-RES!ST0R,  4700  0HM,t5%,  IWATT 
R4,  R9,  RI3-RESIST0R,  100,000  OHM,  15%,  IWATT 
R5,  R6-RE5IST0R,  33,000  OHM,  15%,  i  WATT 
R7,RI0,RI(-RESIST0R,470,000  OHM, ±5%,  IWATT 
RI4,RI5 -RESISTOR,  tMEG0HM,15%,  IWATT 
R16,RI7“RESIST0R,  27,000  OHM,  15%,  I  WATT 
R18,  RI9-RESIST0R,  220,000  0HM,t5%,  I  WATT 
R20-RESiST0R,  100  OHM,  15%,  5  WATTS 
R21,R22-RESIST0R,  100  OHM,  15%,  I  WATT 
R23-P0TENTI0METER,600  OHM,  110%,  IWATT 
R26-RESIST0R,  10,000  OHM,  15%,  IWATT 
R27-RESIST0R,  1000  OHM,  15%,  5  WATTS 
R28,  R29-RESIST0R,  2500  OHM,  15%,  5  WATTS 
CI-THREE  capacitors:  TWO  SMALL  MOLDED  PAPER  AND 
ONE  .05MFD  CAN  TYPE  (AEROVOX  TYPE  4I6B)  SELECTED 


C2,C5,C6,C7-CAPACIT0R,  IMFD,1I0%,AER0V0X  TYPE  4I8CB 

C3,C4,- CAPACITOR,  DUAL  TYPE  O.l-O.l  MFD  C.D.  TYPE  DYR60II 

C8-CAPACIT0R,  0.25MFD,110%,C.D.  TYPE  DYR6025 

C9-CAPACIT0R,  lOMFD,  110%,  AEROVOX  TYPE  609 

CIO,Cn-CAPACITOR,  4MFD,  110%.  AEROVOX  TYPE  609 

CI2-CAPACIT0R,  6MFD,  110%,  C.D. TYPE  TJ6060G 

LI-INOUCTOR,  RAYTHEON  TYPE  M-10750-1 

L2- INDUCTOR,  THORDARSON  TYPE  T-20C54 

Tl- TRANSFORMER,  RAYTHEON  TYPE  M-II645-1 

T2-TRAN5F0RMER,  THORDARSON  TYPE  T-22R33 

VI,  V2- VACUUM  TUBE,  TYPE  6SN7  OR  TYPE  5692 

V3,V4- VACUUM  TUBE,  TYPE  6L6GA 

V5-VACUUM  TUBE,  TYPE  5U4G 

V6- VOLTAGE  REGULATOR  TUBE,  VR-150  (0D3) 

II-PILOT  LAMP,  GE  #47 

SI-SWITCH,  CUTLER-HAMMER  TYPE  7360K8 
Fl,F2-FUSE  BUS,  3AG,  3AMP 


TO  RESONATE  WITH  CHOKE  LI  AT  1.25  VOLTS  60  CPS 
(REQUIRED  CAPACITY  APPROX.  0.1  MFD 


FIGURE  3.17  AMPLIFIER  FOR  EMERGENCY-ROD  POSITION  INDICATOR  -  ROD  NO.  / 
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presented  as  a  horizontal  colmn  of  light  whose  length  varies  from  zero 
to  ten  inches  as  the  rod  moves  into  the  reactor.  The  precision  of  the 
reading  is  better  than  1,0  per  cent  of  full  scale. 

There  are  l6  coarse  rod-position  indicators,  one  for  each 
of  the  control  rods.  Each  indicator  consists  of  the  following  componentsJ 
An  instrument  pinion  for  sensing  rod  position  through 
the  rack  attached  to  the  rod. 

A  rod-position  transmitter,  located  on  the  rod 
structure,  containing  a  synchro-generator  and 
necessary  gearing. 

An  indicating  assembly  consisting  of  a  synchro¬ 
motor,  gearing,  a  lead  screw  with  travelling  nut, 
a  light  baffle,  a  light  trough,  and  a  light  source 
in  the  indicator  cabinet.  The  indicator  assembly 
also  contains  two  limit  lights  for  each  rod. 

Two  limit-light  switches  on  the  control- rod 
support  structure. 

The  arrangement  of  the  indicating  systems  for  Rods  9  aiid  11 
is  shoTO  schematically  in  Figure  3.1^.  These  two  systems  typify  the 
arrangement  for  the  regulating  rods  and  for  the  emergency  rods,  respec¬ 
tively.  The  two  gear  trains  in  the  transmitters  have  the  same  overall 
gear  ratios,  the  variation  in  the  arrangement  being  due  to  the  differ¬ 
ences  in  the  drives  to  the  position  indicating  components,  G^ear  ratios 
and  shaft  revolutions  for  both  transmitters  are  shown  in  the  following 


table 


INDICATOR  ON  PANEL  IN  CONTROL  ROOM 


TRANSFORMER 


115  VOLTS 
SINGLE  PHASE 
60  CPS 


OUT-LIMIT 

LIGHT 

SWITCHES 


IN-LIMIT  LIGHTS 

COMPONENTS  IN 

POSITION  TRANSMITTER  ON  ROD 
STRUCTURE-REGULATING  ROD  N0.9: 


SYNCHRO - 
GENERATOR. 


I  115  VOLTS 
SINGLE  PHASE 
60  CPS 


PITCH  I 

DIAMETER  \ 

2  INCHES  1 


281  Tii8 


SYNCHRO¬ 

GENERATOR. 


IN-LIMlT  LIGHT  Q 
SWITCHES  A 


115  VOLTS 
SINGLE  PHASE 
60  CPS 


INSTRUMENT 
PINIONS  AND 
SUPPORTS 


note:  NUMBERS  ON  GEARS  DESIGNATE 
NUMBER  OF  TEETH 


NO.  11  RACK 


FIGURE  3.  (8  CO  A  RSE  ROD-POSJ  TION  INDiCA  TOR 


136 


3.3>+ 


Gear  Ratios  and  Shaft  Revolutions 
Coarse  Rod-Position  Indicator  Components 
in  the  Transmitter 


Shaft 

Instrument  Pinion 
Synchro- generator 


Revolutions  per 
Revolution  of 
Instrument 
Pinion 


0.335 


Revol-utions 
Per  meter  of 
Rod  Travel 

6.27 

2.10 


Revolutions 
For  Full 
Rod  Travel 

^7-77 

16.00 


The  16  indicating  ass^hlies  are  motinted,  eight  In  each  of 
two  indicator  ca^binets,  the  two  cahinets  being  located  side  by  side 
at  the  right  end  of  the  control  panel.  As  sho™  in  Figure  3-1^# 
cabinet  has  eight  linear  scales  arranged  one  above  the  other.  Each 
scale  is  graduated  in  meters  of  rod  insertion  over  a  range  of  7*62 
meters  in  a  scale  length  of  12  Inches.  Belov  each  scale  is  a  slot 
0.25  inch  wide.  A  green  glass  plate  over  the  front  of  the  light 
troughs  is  visible  through  the  slots,  and  is  illuminated  by  reflec¬ 
tion  from  the  troughs.  Light  baffles  are  moved  in  the  trouts  by 
lead  screws  so  that  displacement  from  the  left  end  of  the  scale  is 
proportional  to  rod  insertion  in  the  reactor.  Thus,  the  length  of 
the  illximinated  portion  of  the  slot,  as  read  on  the  scale,  represents 
rod  insertion.  A  number  opposite  each  scale  identifies  the  rod  to 
which  the  indicator  applies. 

The  system  operates  directly  on  the  signal  transmitted  from 
the  synchro-generator  to  the  synchro-motor.  No  pov;er  amplification 
is  used. 

The  limit-light  switches  are  operated  by  contact  of  the  end 
of  the  rack  \dth  the  svrltch  actuating  arm.  The  *’out"  switch  is  normally 
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open  and  is  closed  when  the  rack  end  strikes  the  actuating  arm*  The 
actuating  arm  of  the  ”in”  switch  rides  on  the  side  of  the  rack,  hold¬ 
ing  the  switch  open.  When  the  end  of  the  rack  clears  the  switch  arm, 
the  switch  is  closed  “by  its  spring, 

9*  Coarse  Rod-position  Indicators  -  Component  Description 

9a.  Instrument  Pinion  and  Support  -  The  instrument  pinions  which 
proTlde  rack  position  plckoff  for  the  regulating-  and  emergency- rod 
position  Indicators  also  serre  the  same  purpose  for  the  coarse  rod- 
position  indicators. 

9h.  Rod-Position  Transmitter  -  The  transmitting  elements  are 
housed  along  with  the  elements  for  all  of  the  other  rod-uositlon 
transmitting  elements  for  a  given  rod.  The  electrical  element  of 
this  system  is  a  size  5^f  Navy  type,  Mark  5#  synchro- generator. 

Connection  between  synchro  and  gearing  is  by  means  of  a  precision 
Oldhara-type  coupling. 

9c.  Position-indicating  Units  -  Arrangement  of  mechanical  and 
electrical  elements  and  wiring  of  a  group  of  eight  indicators  is  shown 
in  Figure  3.19. 

Indicator  assembly  M5i^  section  tv/o  of  Control  Panel  M, 
has  eight  individual  indicators  to  show  the  insertion  of  rods  numbered 
1  to  8,  Inclusive,  and  ei^t  pairs  of  limit  lights  to  v^am  the  operator 
when  the  corresponding  rod  or  rods  approach  the  selected  limit  of  travel, 
in  or  out.  Indicator  M2  on  section  one,  functions  similarly  for  rods 
numbered  9  to  l6.  Inclusive.  The  two  instruments  are  identical  except 
for  rod  identification  numbers  and  terminal  markings.  A  front  view  of 

^Instrument  numbers  appearing  In  the  text  refer  to  an  instrument  list 
Issued  separately. 
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one  indicator  is  shovm  in  Figure  3*20. 

Each  indicator  consists  of  a  supporting  frame,  a  front  cover, 
an  indicator  plate,  a  haffle-drive  assembly  vdth  light  reflectors  and 
lights,  eight  synchro-motors,  eight  gear  trains,  and  a  ventilating  fan. 

A  top  view  is  shov.Ti  in  Figure  3*21. 

The  supporting  frame,  an  assembly  of  steel  plates  and  angles 
bolted  to  Control  Panel  M,  provides  support  and  enclosure  for  the 
components  of  the  instrument. 

The  front  cover  is  a  steel  ulate  vreldment,  hinged  to  the 
support  structure  and  secured  by  two  knurled-head  screv/s.  A  large 
rectangular  cutout  in  the  door  permits  a  view  of  the  indicator  plate. 

At  each  side  of  the  cutout  is  a  vertical  row  of  eight  red  limit  lamps 
with  a  rod  number  beside  each  lamp.  The  left-hand  rov/  is  labeled 
OUT  LIMIT  and  the  lighting  of  any  lamp  in  this  row  indicates  that  the 
corresponding  rod  is  approaching  the  selected  limit  for  outward  travel. 
The  right-hand  row  is  labeled  IN  LIMIT  and  its  lights  similarly  indicate 
approach  to  the  inward  limit. 

The  indicator  plate  is  a  steel  plate  hinged  to  the  structure 
and  secured  by  thumb  latches.  Eight  horizontal  scales  are  engraved  on 
the  plate,  each  having  numbered  graduations,  0  to  7t  representing  rod 
insertion  in  meters,  and  intermediate  unniimbered  graduations  represent¬ 
ing  decimeters.  Below  each  scale  is  a  horizontal  slot  extending  over 
the  full  scale  length.  Behind  each  slot  is  a  green  glass  plate,  and 
behind  that  an  opal  glass  plate,  both  secured  to  the  indicator  plate. 

Immediately  behind  the  indicator  ulate  are  eight  horizontal 
light  troughs  formed  by  polished  chrome-plated  angles,  A  white  lamp 


FIGUEE  3.20  CQABSE  ROD -POSITION  INDICATOR  -  FRONT 
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FCGimE  3.21  COARSE  ROD-POSITION  INDICATOR 


at  the  left  end  of  each  trough  supplies  illvunination  which  is  reflected 
onto  the  opal  glass  hy  the  polished  surface* 

In  each  trough  is  a  haffle  assemhly  consisting  of  a  haffle  and 
a  mirror  secured  to  a  small  plate  weldment.  The  haffle  is  made  of  shim 
stock  hent  to  form  a  four-sided  viper  that  hears  against  the  three  sides 
of  the  trough  and  the  opal  glass  plate,  to  prevent  illumination  of  that 
part  of  the  glass  at  the  right  of  the  haffle.  The  mirror  faces  toward 
the  left  to  increase  the  illumination  on  that  side  of  the  haffle*  A 
viev;  of  trough-and-haf fie  assemhly  is  shown  in  Figure  weld¬ 

ment  extends  hack  through  a  slot  in  the  trough,  where  it  is  secured  to 
a  block  that  slides  on  a  horizontal  rod.  This  arrangement  is  illustrated 
in  Figure  3*23.  A  horizontal  lead  screw  is  threaded  into  this  block  and 
is  driven  by  one  of  the  synchro  motors  through  a  gear  train. 

The  5^,  Navy-type  synchro-motors  are  arranged  in  two  groups  of 
four  each,  one  group  on  each  side  of  the  instrument,  as  shown  in  Figure 
3.24*  Each  is  flange  mounted  on  a  vertical  support  plate  to  permit 
zeroing.  Motor  shafts  are  connected  to  their  gear  shafts  by  Oldham- 
type  couplings  to  facilitate  removal  and  replacement.  One  pair 
each  group  is  directly  behind  the  lead  screws  and  the  other  pair  is 
further  hack,  staggered  vertically  with  respect  to  the  first  pair. 

The  gear  trains  are  arranged  as  indicated  in  Figure  3.19.  All 
gears  are  precision  spur  gears  manufactured  by  the  Reeves  Instrument 
Company.  Each  train  from  the  s^^nchros  nearest  the  front  has  one  gear 
coupled  to  the  synchro  shaft  and  a  second  coupled  to  the  lead  screw. 

Those  for  the  rear  synchros  are  similar  except  for  the  addition  of  two 
idler  gears  to  accommodate  the  increased  center  distances.  All  gear 
shafts  turn  in  hall  hearings. 


FIGUBE  3.23  LEM)  SCEEWS  FOR  COARSE  ROD-POSITION  INDICATOR 


TERMINAL  BOARD 
ASSEMBLIES 
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The  ventilating  fan  la  motor  driven  and  is  intended  to  provide 
cooling  air  if  excessive  heat  is  developed  hy  the  scale  illminatlng 
lamps*  It  is  not  expected  that  the  use  of  the  fan  will  he  necessary 
with  the  lamps  initially  furnished. 

9d*  Limit-light  Switches  -  The  limit-light  switches  are  short 
travel,  SNAP  LOCK  switches,  Type  l6  D-200-45A2,  manufactured  hy  National 
Acme  Company*  All  of  these  switches  are  similar,  each  having  two  normally 
open  an&  two  normally  closed  contacts.  The  normally  open  contacts  are 
used  in  the  OUT  switches  and  the  normally  closed  contacts  in  the  IN 
switches. 

The  switch  mounting  holts  fit  into  slotted  holes  in  the  support 
members  so  that  their  positions  can  he  closely  adjusted*  The  switch  arms 
can  he  moved  on  their  shafts,  affording  adjustment  in  the  switch  arm 
operating  positions. 

10.  Rod-Poaltlon  Recorders 

Two  slngle-llne  strlp-chart  recorders  urovide  continuous 
records  of  the  position  of  the  two  regulating  rods*  Two  eight-point 
strip-chart  recorders  provide  intermittent  records  of  the  position  of 
all  l6  rods.  The  precision  of  all  records  should  he  better  than  ^0*5 
per  cent  of  full  scale* 

As  a  typical  example,  the  arrangement  for  Hods  9  and  10  is 
shoOT  schematically  in  Figure 

For  each  rod  the  system  components  involved  are: 

An  instrument  pinion  for  sensing  rod  position 
through  the  rack  attached  to  the  rod. 

A  rod-pceitlon  transmitter,  located  on  the  rod 
structure,  containing  a  potentiometer  and 
necessary  gearing. 
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A  receiver  and  recorder  consisting  of  a 
measuring  and  amplifying  circuit  and 
standard  recording  instruments. 

The  potentiometer  in  an  emergency-rod  transmitter  is  driven 
from  the  transmitter  input  shaft  through  the  gear  train  shown  in 
Figure  3.25.  This  train  has  a  speed  ratio  of  l6  to  1,  giving  a  poten¬ 
tiometer  movement  of  .392  turns  per  meter  and  2,99  turns  for  full  rod 
travel  (25'). 

Each  recorder  is  a  standard  Brown  Instrument  Company  strip- 
chart  instrument  having  a  scale  11  Inches  long,  graduated  in  meters 
from  0  to  8  meters.  The  chart  is  driven  hy  a  synchronous  motor  at  a 
speed  of  2  inches  per  hour.  Spare  change  gears  are  furnished  to 
provide  alternate  speeds  of  4,  6,  or  8  inches  per  hour. 

A  commutator,  driven  in  synchronism  with  the  chart,  connects 
the  potentiometer  in  sequence  with  the  eight  transmitting  potentiometers 
at  intervals  of  I5  seconds.  Multicolored  impressions  are  used  to  assist 
in  rod  identification. 

The  transmitter  components  for  the  regulating  rods  are  similar 
to  those  for  the  emergency  rods,  except  for  variations  in  the  gear  train. 
These  variations  do  not  change  the  overall  gear  ratio. 

Each  of  the  regulating  rods  has  a  single-record  continuous  type 
Bro’Am  Instrument  Company  recorder.  The  chart,  chart  drive,  and  scale 
are  similar  to  the  corresponding  components  of  the  eight-point  recorders 
described  above.  No  selecting  commutator  is  necessary.  In  addition, 
each  recorder  has  a  re-transmitting  potentiometer,  v/hich  relays  the  rod- 
position  data  to  an  eight-point  recorder. 
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11.  Farts  ' 

List  -  Instrument  Pinion  Sunuort  Asse 

imhly  6546DN04g 

Reference 

(For  Regulating  Rods) 

Part 

Number 

Figure  3.26 

Name  of  Part 

Number 

Reoulred 

Instrument  Pinion  Assemhly 

6546Dirai7 

1 

l4  thru  19 

Bottom  Roller  Assembly 

6546BND26 

1 

7  or  8  thru  12  Side  Roller  Assembly 

65U6BNOOg 

2 

1 

Shield 

6546AP107 

1 

4 

Spacer  No.  1  (outer) 

6546AP104 

1 

2 

Spacer  No,  1  (inner) 

65U6AP103 

1 

13 

Bearing  cap 

6546BP095 

2 

3 

Bearing,  Barden  Matched  pair 

202HnB 

1 

6 

Base  Casting 

6546DP021 

1 

5 

Rack  Pinion 

6546BP101 

1 

Stud 

6546apo42 

4 

Wedge  Plate  Welcknent 

6546FP002 

1 

Top  Wedge 

6546CP004 

1 

Bottom  Wedge 

6546CP005 

1 

Bolt 

6546AP063 

3 

Bolt 

6546AP005 

3 

Bolt 

6546AP006 

4 

NoteJ  Miscellaneous  hardware  not  listed. 


12.  Parts  List  -  Instr^ent  Pinion  Support  Assemhly  65^6DNQ47 
(^oV^iner^en^y  T^oTsT^ 


Reference 

Part 

Number 

Figure 

3.26 

Name  of  Part 

Number 

Required 

Instrument  Pinion  Assembly 

6546CN01g 

1 

lU  thru  19 

Bottom  Roller  Assembly 

65U6BNO27 

1 

7  or  g 

thru  12  Side  Roller  Assembly 

65U6BNOOg 

2 

1 

Shield 

6546APIO7 

1 

4 

Spacer  No.  1  (outer) 

6546APIO4 

1 

2 

Spacer  No,  1  (inner) 

6546APIO3 

1 

13 

Bearing  Cap 

654GBPO95 

2 

3 

Bearing,  Pafnir  matched  pair 

M7202r!B 

1 

6 

Base  Casting 

65U6DPO20 

1 

5 

Rack  Pinion 

6546RPIOO 

1 

Stud 

6546APO42 

4 

Wedge  Plate  Weldment 

65463POO2 

1 

Top  Wedge 

6546CPOO4 

1 

Bottom  Wedge 

6946CPOO5 

1 

Bolt 

65464JP063 

3 

Bolt 

6546APOO5 

3 

Bolt 

6546APOO6 

4 

Note:  Miscellaneous  hardware  not  listed. 
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13,  Part3  List  -  Regulatln/;  Rod  Position  Transmitter  Asaemlly  65461-JJ030 


Reference 

Part 

Nturiber 

Figure  3.2? 

Name  of  Part 

Number 

Required 

Synchro  Potentiometer,  Hellpot  Aasemtly 

6546DNO38 

1 

4 

Male  Coupling  Asseratly 

6546AHO33 

1 

28 

Coupling  Assem’bly 

6546ANO5O 

1 

6 

Male  Coupling  Assemlily 

6546AND27 

1 

2 

Support  Plate 

6546DPIO9 

1 

12 

IG-  Synchro  Clamp 

6546BPI5S 

2 

5 

IG  Synchro  Generator 

Navy  Type 

2 

9 

Potentiometer  -  Brown  Inst,  Co. 

654^137 

1 

13 

Synchro  King 

6546APOI2 

1 

l4 

Mounting  Plate 

6546AP564 

1 

3 

Beckman  Helipot,  Helipot  Corp, 

Model  S 

1 

7 

5G  Synchro-Generator 

Navy  Type 

1 

11 

5G  Synchro  Clamp 

6546BP157 

2 

8 

5G  Coupling,  Reeves  Inst.  Corp. 

A-SP-142 

1 

10 

Male  Coupling,  Reeves  Inst,  Corp, 

A- SP- 11 1-1 

1 

Synchro  Housing  Altered 

6546bp4i7 

1 

Gear  Train  Assembly 

6546DN031 

1 

30 

Gear  and  Hub  Assembly 

6546BN033 

2 

24 

Female  Coupling  Assembly 

6546AN02g 

2 

33 

Gear  and  Hub  Assembly 

6546BN03R 

1 

29 

Gear  and  Hub  Assembly 

6546BN034 

1 

26 

Gear  and  Rub  Assembly 

6546BN038 

1 

23 

Gear  and  Hub  Assembly 

6546BN036 

1 

22 

Gear  and  Hub  Assembly 

6546BN039 

1 

19 

Gear  and  Hub  Assembly 

6546BN037 

1 

IS 

Spacer 

6546BP170 

4 

15 

Bearing  Plate 

6546CP063 

1 

16 

Spacer 

6546AP249 

4 

17 

Front  Plate 

6546DP059 

1 

35 

Collar,  Reeves  Inst,  Corp. 

A-SP-456 

6 

32 

IG  Shaft 

6546AP225 

1 

20 

Female  Coupling,  Reeves  Inst,  Corp, 

A-sP-113-1 

2 

34 

,  Potentiometer  Shaft 

6546AP224 

1 

27 

Gear,  Reeves  Inst.  Corp, 

b-sp-648-36 

2 

31 

Idler  Shaft 

6546AP223 

1 

Instrument  Pinion  Shaft 

6546AP254 

1 

36 

Bearing,  New  Departure 

r-4t5 

12 

Retainer,  Reeves  Inst,  Corp. 

A-SP-162 

12 

25 

Helipot  Shaft 

6546AP253 

1 

21 

5G  Shaft 

6546AP222 

1 

4i 

Flexible  Coupling  Assembly 

6546AK051 

1 

Arm  and  Ring  Assembly 

6546AN05g 

1 

Arm  and  Ring  Assembly 

6546AN059 

1 

Coupling  Shaft 

6546AP570 

1 

Clamp 

6546AP592 

1 

Angle 

6546BP154 

2 

4o 

Marker  Strip 

6546cP0g8 

1 

3S 

Terminal  Strip  -  10  Terminal,  K,B,  Jones 

142 

2 

Reinforcing  Plate 

6546APOg9 

4 

152 
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Part  Nuoter 

Hame  of  Part  Ntmiber  Required 


Terminal  Bracket 

6546BPI9I 

2 

Rear  Clip 

654eBP113 

2 

Angle 

6546BPI5O 

2 

Back  Cover  Plate 

6546DPO49 

1 

Angle 

654eBPig7 

1 

Marker  Strip 

6546cpog7 

1 

Support  Plate  Clip 

65U6AP246 

4 

Gear  Guard 

6546BP123 

1 

Front  Clip 

6546AP130 

4 

Side  Cover  Plate 

6546RPo4g 

2 

Front  Cover  Plate 

6546cP0g9 

1 

Angle 

6546BP149 

1 

Rear  Clip 

6546BPi4g 

2 

Bottom  Cover  Plate 

6546DP050 

1 

Angle 

6546BP152 

1 

Top  Cover  Plate 

6546DP047 

1 

Angle 

6546BPig6 

1 

Support  Weldment 

6546SP021 

1 

Shim 

6546AF272 

4 

Angle 

6546aP2i4 

4 

Note:  Miscellaneous  hardware  not  listed. 
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l4.  Parts  List  -  Re^latin^-Rod  Position  Indicating;  Unit  6546d>IOQ6 


Reference 

Fi^re  !Tame  of  Part 


Part  Nmnlier 

Ntun’ber  Reaulred 


3.^.5. 6 
g 

15 
17 

35 

ig 

3^ 

35 

25 

37 

29 

33 

9 

36 
10 
14 
11 

16 
12 
13 

26 

32 

30 
7 

20 

31 

24 

22 

44 

45 

40 

42 

41 

27 

39 

43 

2 

1 

19 


Cover  AssemlDly 

6546diioo4 

1 

Cover  Weldment 

6546flP006 

1 

V/indow  Frame 

6546BF023 

2 

Window  G-asket 

6546BP025 

4 

V/ind  ov; 

6546BP024 

2 

Re<oralatin^  Rod  Position  Mechanism  Assy* 

65463}TOo4 

1 

Synchro  Coupling  Assembly 

6546BI1001 

2 

Spring  Coupling  Assembly 

6546AN002 

2 

48-Pitch  Gear  Assembly 

6546BN002 

2 

183-Tooth  Gear  Assembly 

6546ANOOg 

1 

80-Tooth  Gear  Assembly 

d546ahoo6 

1 

48-Fitch  Gear  Assembly 

6546BN003 

1 

40-Tooth  Gear  Assembly 

6546AI1007 

1 

Centimeter  dial  Assembly 

6546akoo4 

1 

48-? itch  Gear  Assembly 

6546BN004 

2 

Decimeter  or  Meter  Dial  Assembly 

6546AN003 

2 

48-Pitch  Gear  Assembly 

6546BN005 

2 

48-Pitch  Gear  Assembly 

6546B11006 

2 

Gear  Clamp  -  Reeves  Instrument  Corp. 

A-sp-130 

6 

Ball  Bearing  -  New  Departure 

r4-5C 

12 

Regulating  Rod  Indicator  Housing 

6546RPOOI 

1 

Collar 

6546AP0lg 

10 

Coupling  Shaft 

6546AF022 

1 

48-Pitch  Gear  -  Reeves  Instrument  Corp  B-SP-648-24 

2 

Idler  Shaft 

6546AP023 

1 

Gear  Shaft  No,  1 

6546AP024 

1 

Gear  Shaft  No,  2 

6546AP025 

3 

Gear  Shaft  No,  3 

6546AP026 

1 

Ball  Bearing  -  New  Departure 

R4-T5C 

g 

48-Pitch  Gear  -  Reeves  Inst.  Corp, 

B-SP-64g-27 

2 

Bearing  Retainer  No,  1 

6546AP020 

6 

Bearing  Retainer  No,  2 

6546AP021 

2 

48-Pitch  Gear  -  Reeves  Instr.  Coro. 

3-sp-64g-36 

3 

Dial  Shaft  No.  1 

6546AP027 

1 

Dial  Shaft  No,  2 

6546A.P02g 

2 

Lamp  Bracket 

6546AP064 

1 

Candle  Socket,  Arrow 

32g 

1 

Face  Plate 

6546BF037 

1 

Vernier  Shim 

6546AP054 

2 

Vernier 

6546AP043 

1 

Motor  Gear 

6546.'^029 

1 

Plate  Spacer  No,  1 

6546.y’055 

2 

Motor  -  Diehl  Mfg.  Co, 

PPS-25-11 

1 

Plate  Spacer  No,  2 

6546AP056 

2 

Cover  Plate 

6546EPOI5 

1 

Cover  Shim 

Marker  Strip 

6546AP030 

6546BP040 

2 

1 

3.53 
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Heference 

Figure  3.28  Name  of  Part 


21 

46 

4? 


3,4,5, 6 
2 

15 

17 

35 

IS 

34 

33 

28 


37 

29 
33 

9 

36 

10 

l4 

11 

16 

12 

13 

23 
26 
32 

30 
7 

20 

31 

24 
22 
44 


45 

40 

42 

41 
27 
39 

43 
2 
1 

19 

21 

46 

47 


Terminal  Strip  -  H.  B,  Jones  Co. 

Lamp  Shield 

Lamp  (325  7.)  -  General  Electric  Co. 
Regulating-Rod  Position  Mechanism  Assy. 
Synchro  Coupling  Assembly 
Spring  Coupling  Assembly 
4g-Pltch  Gear  Assembly 
lg3-Tooth  Gear  Assembly 
gO-Tooth  Gear  Assembly 
4g-Pitch  Gear  Assembly 
40- Tooth  Gear  Assembly 
Centimeter  Dial  Assembly 
4g-Pitch  Gear  Assembly 
Decimeter  or  Meter  Dial  Assembly 
4g-Pltch  Gear  Assembly 
4g-Pitch  Gear  Assembly 
Gear  Clamp  «  Reeves  Instrument  Corn. 
Ball  Bearing  -  New  Departure 
Regulating  Rod  Indicator  Housing 
Collar 

Coupling  Shaft 

4g-Pltch  Gear  -  Reeves  Instr.  Corp. 

Idler  Shaft 

Gear  Shaft  No,  1 

Gear  Shaft  No.  2 

Gear  Shaft  No,  3 

Ball  Bearing  -  New  Departure 

4g-Pitch  Gear  -  Reeves  Inst.  Corp. 

Bearing  Retainer  No,  1 

Bearing  Retainer  No,  2 

4g-Pitch  Gear  -  Reeves  Instr.  Corp. 

Dial  Shaft  No.  1 

Dial  Shaft  No.  2 

Lamp  Bracket 

Candle  Socket,  Arrow 

Pace  Plate 

Vernier  Shim 

Vernier 

Motor  Gear 

Plate  Spacer  No,  1 

Motor  -  Diehl  Mfg.  Co. 

Plate  Spacer  No.  2 
Cover  Plate 
Cover  Shim 
Marker  Strip 

Terminal  Strip  -  H.  B.  Jones  Co. 

Lamp  Shield 

Lamp  (125  V.)  -  General  Electric  Co, 


Part  Number 


Number  Required 

l4l-l4  1 
6546AP066  1 
656  1 
6546SN005  1 
6546BN001  2 
6546AN002  2 
654eBN002  2 
6546-^noo8  1 
6546AN006  1 
6546BN003  1 
6546AN007  1 
6546AN004  1 
6546BN004  2 
6546ANOO3  2 
6546BNOO5  2 
6546BNOO6  2 
A-sp-130  6 
h4-5C  12 
6546HPOOI  1 
6546APOig  10 
6546AP022  1 
B-SP-64g-24  2 
6546a?023  1 
6546AP024  1 
6546AP025  3 
6546AP026  1 
r4_T5C  g 
B-SP-64g-27  2 
6546AP020  6 
6546AP021  2 
B-SP-64g-36  3 
6546AP027  1 
6546AP02g  2 
6546AP064  1 
328  1 
6546BP03g  1 
6546AP054  2 
6546AP043  1 
6546AP029  1 
6546AP055  2 
FPE-25-11  1 
6546AP056  2 
6546BP015  1 
6546APO30  2 
6546bpo4i  1 
l4i-i4  1 
6546AP066  1 
656  1 
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Reference 
Fi^!:u^e  3.2S 

3.5“+ 

Name  of  Part 

Part 

Numter 

TTum‘ber 

Required 

Mounting  Frame  Assem'bl;^ 

Counting  Frame 

6546DNOO3 

6546DPOOS 

1 

Spring  Eetainer 

6546APOII 

4 

Frame  Support  Bar 

6546dpo42 

1 

Clamp 

6546APO58 

4 

Spacer 

6546APO59 

4 

Frame  Support  Bar 

6546d?oo7 

1 

158 


3.56 


15.  Parts 

List  -  Emer^;ency-Rod  Position  Transmitter  Assembly  6546SN029 

Reference 

Part 

Number 

Fi;:ure  3.29 

Name  of  Part 

Npjnber 

Required 

Synchro  and  Potentiometer  Assembly 

65U6DN032 

1 

23 

Ccfupllns  Afisen'bly 

65U6Airo50 

1 

5 

50  Synchro  Generator 

Navy  Type 

1 

7 

50”  Synchro  Clamp 

6546BPI57 

2 

2 

Support  Plate 

65U6DPO6O 

1 

S 

Synchro  Ring 

6546a?012 

1 

3 

Potentiometer,  Brovm  Instr.  Co. 

6546API37 

1 

10 

^IG  Synchro  Generator 

Navy  Type 

1 

4 

Male  Coupling,  Reeves  Instr.  Corp. 

A-SP-lli-l 

1 

6 

5C  Coupling,  Reeves  Instr.  Corp, 

A-SP-142 

1 

9 

Mounting  Plat© 

6546AP564 

1 

Synchro  Housing  Altered 

6546BP417 

1 

3^+ 

Flexlhle  Coupling  Assembly 

6546ANO5I 

1 

Arm  and  Ring  Assembly 

6546AND5S 

1 

Arm  and  Ring  Assembly 

6546ANO59 

1 

Coupling  Shaft 

6546AP570 

1 

Clamp 

6546AP592 

1 

Gear  Train  Assembly 

6546DNO33 

1 

31 

Gear  and  Hub  Assembly 

6546ANO22 

1 

29 

Gear  and  Hub  Assembly 

6546ANO23 

1 

21 

Gear  and  Rub  Assembly 

6546BNO3O 

1 

22 

Gear  and  Hub  Assembly 

6546ANO24 

1 

Gear  and  Hub  Assembly 

6546ANOI7 

1 

26 

Gear  end  Hub  Assembly 

6546ANO2I 

1 

17 

Gear  and  Hub  Assembly 

6546ANO26 

1 

l6 

Spacer 

6546BFI70 

4 

13 

Bearing  Plate 

6546CP062 

1 

Spacer 

6546AP249 

4 

14 

Front  Plate 

6546DPO53 

1 

32 

Shaft 

6546AP222 

1 

30 

Shaft 

6546AP223 

1 

28 

G^ar,  Reeves  Instrument  Corp. 

b-sp-648-36 

1 

Shaft 

6546AP225 

1 

27 

Shaft 

6546AP221 

1 

24 

Gear,  Reeves  Instiuoment  Coro. 

B-SP-64S-48 

1 

Retainer,  Reeves  Instrument  Coro, 

A-sp-162 

10 

IS 

Peraale  Coupling,  Reeves  Inst.  Corp, 

A-sp-113-1 

2 

19 

Shaft 

6546.AP224 

1 

20 

Bearing,  New  Departure  Div, 

r-4t5 

10 

33 

Collar,  Reeves  Instr,  Corp. 

A-sp-496 

6 

Back  Cover  Plate 

6546DP049 

1 

Angle 

6546BP154 

2 

Rear  Clip 

6546BPI13 

2 

Support  Plate  Clip 

6546.\P246 

4 

Angle 

6546BP159 

1 

35 

Gear  Guard 

6546BPI55 

1 

Front  Clip 

6546AP130 

4 

Front  Cover  Plate 

6546DP046 

1 

3.57 
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11 


Name  of  Part 

Side  Cover  Plate 
Top  Cover  Plate 
Rear  Clip 

Bottom  Cover  Plate 

Marker  Strip 

Reinforcing  Plate 

Terminal  Strip  Bracket 

Angle 

Angle 

Angle 

Support  Weldment 

Shim 

Angle 

Angle 

Terminal  Strip-12  terminal,  H. 


Part  Kiimher 

Niimher  Required 

6546DPo4g  2 

6546DP047  1 

6546BPl4g  2 

6546DP050  1 

6546BPI71  1 

6546APOg9  2 

6546BF168  1 

6546BPI52  1 

6546BP153  1 

6546aP2i4  4 

6546EP021  1 

6546AP272  4 

65465P149  1 

6546BP150  2 

.  Jones  142  1 


3.59 


l6i 


l6.  Parts 

List  -  Emergency-Rod  Position  Indicating  Unit  65^6rN001 

Reference 

Part  1 

Number 

Flgrure  3.30 

Name  of  Part 

Number  Required  1 

Smeraiency  Rod  Poe.  Ind.  Mech.  Asey. 

6546EN009 

]. 

Emergency  Rod  Pos.  Ind^  Mech.  Assy. 

65463N010 

1 

Emergency  Rod  Pos.  Ind.  Mech.  Assy. 

6546END11 

1 

Emergency  Rod  Pos.  Ind.  Mech.  Assy. 

6546END12 

1 

Emergency  Rod  Pos.  Ind.  Mech.  Assy, 

6546S11013 

1 

Emergency  Rod  Pos.  Ind.  Mech.  Assy. 

6546131014 

1 

Emergency  Rod  Pos.  Ind.  Mech.  Assy. 

6546531015 

1 

29 

Dial  Assembly  (Coarse) 

6546AN011 

2 

33 

Index  Plate  and  Pad  Assy. 

6546AN014 

1 

32 

Dial  Assembly  (Pine) 

6546.iUT012 

2 

30,31 

Index  Plate  and  Pad  Assy. 

6546ANOI3 

1 

19 

48-Pitch  G-ear  Assy, 

6546BNOI2 

4 

2h 

48-Pitch  Gear  Assy. 

654eBNOi3 

2 

2.3,H,5 

Synchro  Ccnipling  Assy. 

6546BN001 

2 

40 

Nameplate  Assembly 

6546BN014 

1 

Nameplate  Assembly 

6546BN015 

1 

Nameplate  Assembly 

6546BH016 

1 

Nameplate  Assembly 

6546BN017 

1 

Nameplate  Assembly 

6546813018 

1 

Nameplate  Assembly 

6546BN019 

1 

Nameplate  Assembly 

6546BN020 

1 

g 

Spring  Cotipling  Assembly 

6546.AN002 

2 

1 

Emergency  Rod  Indicating  blousing 

6546RP003 

1 

11 

Gear  Clamp  -  Reeves  Inst,  Corn. 

A-SP-130 

4 

l4 

Coarse  Dial  Shaft 

6546AP074 

2 

12 

Ball  Bearing- Nev;  Departure 

h4-5C 

8 

10 

Bearing  Retainer  No.  1 

6546AP077 

6 

15 

Intermediate  Shaft 

6546AP071 

2 

20 

Gear  -  Reeves  Instr.  Corp. 

B-3P-64g-30 

4 

l6 

Synchro  Shaft 

6546AP073 

2 

17 

Pine  Dial  Shaft 

6546AP075 

2 

25 

Gear  -  Reeves  Instr.  Corp, 

i_sp-648-27 

2 

23 

Motor  Gear 

6546AP029 

2 

21 

Gear  -  Reeves  Instr,  Corp. 

B_SP-648-4g 

2 

9 

Bearing  Retainer  No.  2 

6546AP079 

2 

18 

Motor  -  Diehl 

FPS-25-11 

2 

7 

Bearing  Retainer  No.  3 

6546APO80 

2 

6 

Bearing  Retainer  No.  1 

6546AP020 

2 

34 

Marker  Strip 

6546CP019 

1 

Marker  Strip 

6546CP020 

1 

Marker  Strip 

6546CP021 

1 

Marker  Strip 

6546CP022 

1 

Marker  Strip 

6546CP023 

1 

Marker  Strip 

6546CP024 

1 

Marker  Strip 

6546CP025 

1 

28 

Terminal  Strip  -  H.  B.  Jones  Co. 

i4i-9 

2 
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Reference 
Rlffure  3.30 


ITame  of  Part 

Marker  Strip 
Marker  Strip 
Marker  Strip 
Marker  Strip 
Marker  Strip 
Marker  Strip 
Marker  Strip 
Lamp  Shield 
Candle  Socket  -  Arrow 
Index  Plate  Shim 

Pliinger  Switch  -  Micro-Switch  DIt. 
Lamp  Bracket 
Gear  Clamp 

Lamp  (125  7. )  -  General  Electric  Co, 
Ball  Bearing  -  New  Departure  Div. 
Bearing  Retainer  No.  3 
Instrument  Case  and  Mounting  ,  M57 
Instrument  Case 
Hinge  Spacer 
Pin 

Panel  Door 
Hinge 
Window 
Gasket 

Window  Frame 
Window  Frame 
Windov;  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Window  Frame 
Nut 

Lock  Housing 

Lock  -  Brown  Instrument  Co. 

Plate  -  Brown  Instrument  Co, 

Key  -  Brown  Instrument  Co. 

Set  Screw  -  Brown  Instrument  Co. 


Part 

Number 


Number 

Reouired 


6546CPOI2  1 

6546CPOI3  1 

6546CPOI4  1 

6546CPOI5  1 

6546CP01b  1 

6546CPOI7  1 

6546CPOI8  1 

6346AP066  2 

32s  2 

6546APO8I  2 

BZ-2RQ1-SP-DT  2 

654&O82  2 

6546APO72  2 

625  2 

H-4-T5C  8 

6546APO78  2 

6546RPOO2  1 

6546EPOO7  1 

6546AP084  1 

6546AP085  1 

6546DP011  1 

6546BP059  1 

6546APOS6  l4 

6546APO87  28 

6546BP060  1 

6546BP061  1 

6546BP062  1 

6546BP063  1 

6546BP064  1 

6546BP065  1 

6546BP066  1 

6546BP067  1 

6546EP068  1 

6546BP069  1 

6546BP070  1 

6546BP071  1 

6546BP072  1 

6546BP073  1 

6546AP093  2 

6546APO92  2 

73981  2 

76027  2 

40039  2 

41190  2 


17*  Parts  List  -  Coarse  Rod->Position  Indicator  65^651^1018  and  65^65N019 


Part 

Numb  er 

Name  of  Part 

NumlDer 

Required 

Gear  Train  Assen^bly  -  L.H. 

6546DKOI5 

1 

Shaft  Assembly 

6546AN020 

2 

Shaft  Assembly 

6546BN024 

2 

Shaft  Assembly 

6546BHO23 

2 

Shaft  Assembly 

6546.^11019 

4 

Shaft  Assembly 

6546ANnig 

2 

Spacer 

6546AP09g 

4 

Connection  Angle  Weldment 

6546CP030 

1 

Spacer 

6546AP097 

5 

Connection  Angle 

6546BPOgl 

1 

L. H,  Bearing  Plate  Weldment 

6546DP019 

1 

Side  Plate  L,H. 

6546r!POig 

1 

Angle 

6546BP093 

1 

Air  Lock  Fastener  -  United  Carr  Fastener  Co* 

9980S 

2 

Bearing  -  Fafnlr 

^-4 

24 

Female  Coupling  -  Reeves  Instrujnent  Corp. 

A-sp-613 

4 

Baffle  Drive  Assembly 

6546  MO  16 

1 

Baffle  Assembly 

6546.\:roi5 

g 

Lead  Screv/  Assembly 

6546BN022 

g 

Angle 

6546BN025 

2 

Bearing  Retainer 

6546AP109 

g 

Clamp 

6546BP25g 

1 

Support  Strip 

6546BP260 

1 

Ball-Bearing  -  New  Departure  Div, 

r-4 

S 

Rod 

6546BP09g 

S 

Support  Strip 

6546BP261 

1 

Angle 

6546CP02g 

1 

Clamp 

6546BP259 

1 

End  Plate  -  R.H* 

6546CP026 

1 

Angle 

End  Plate  -  L.R* 

6546CP029 

6546CP034 

g 

1 

Gear  Train  Assembly  -  R.H. 

6546DN016 

1 

Shaft  Assembly 

6546BN024 

2 

Shaft  Assembly 

6546AN020 

2 

Shaft  Assembly 

6546AiTOig 

2 

Shaft  Assembly 

6546AI1019 

4 

Shaft  Assembly 

6546BIT023 

2 

Connection  Angle 

6546BPOg6 

1 

Spacer 

6546AP097 

5 

Connection  Angle 

6546BPG76 

1 

Bearing  Plate  -  R.H, 

6546DF023 

1 

Spacer 

6546AP09g 

4 

Angle 

6546BPOgs 

1 

Angle 

6546CP033 

1 

Bearing  Plate  -  R.E. 

6546DP032 

1 

Bearing  -  Fafnir 

f-4 

24 

Female  Coupling  -  Reeves  Inst*  Corp* 

A-sp-613 

4 

3.63 
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Name  of  Part 


Part  Number 

Number  Eecrulred 


Blower  Aesembly 

Blower  Support  Assembly 
Blower  -  Eastern  Air  Devices,  Inc. 
Indicator  Plate  Assembly 
Indicator  Plate 
Frame 
Pad 
Glass 
Filter 
Hinge 
Pad 

Round  Head  Wing  Stud  -  Airlock 

Stud  Cross  Pin  -  Airlock 

Glass 

Filter 

Glass 

Filter 

Spacer 

Light  Intensity  Compensation  Film 
Light  Intensity  Compensation  Film 

Fjront  Cover  Assembly 

Front  Cover  Weldment 

Lamp  -  General  Electric  Co. 

Indicating  Lamp  -  Dial  Light  Co, 

Terminal  Board  Assembly 

Plate  Assembly 

Terminal  Strip  •  17  Term  -  H,  B.  Jones 
Terminal  Strip  Cover 

Marker  Strip 

Marker  Strip 
Spacer 

Reinforcing  Plate 
Terminal  Board  Assembly 

Plate  Assembly 
Terminal  Strip  Cover 

Terminal  Strip  -  6  Terminal  -  H,  B.  Jones 
Marker  Strip 

Marker  Strip 

Terminal  Strip,  IJ  terminal  -  H,  B.  Jones 

Terminal  Strip  Cover 

Bracket 


65U6CN004 

65U6CN008 

JgOA-C 

65U6IINOII 

6546dpoo^ 

6546DP014 

6546BP025 

6546AP450 

6546AP453 

6546BP075 

6546BP026 

’^9299-2-170 

99725-2 

6546AP44g 

6546AP451 

6546AP449 

6546AP452 

6546AP367 

6546AP66S 

6546AP669 

■65463N020 

'6546SN021 

'65465IP015 

65462P016 


NS  51 
g54o8X-g3l 
r6546CN007 
I6546CN006 
b546cN005 
142 

6546BP094 
'546r(P02g 
546DP031 
546DP027 
654613P030 
6546AP091 
6546APOg9 
f6546DN012 
(6546DNOI3 
6546DN010 
6546APIOI 
142 

'6546BPOg3 

6546BPOg4 

6546nP026 

6546DPO29 

142 


6546BP094 

6546BP039 


1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

2 

2 

2 

6 

6 

1 

1 

7 

6 

2 

1 

1 

1 

1 

16 

16 

1 

1 

1 

2 

2 

1 

1 

1 

1 

6 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Name  of  Part 

Part 

UTMi'ber 

Number 

Reauired 

Bracket 

6546AP090 

1 

Spacer 

6546APO9I 

5 

Reinforcing  Plate 

6546APOS9 

5 

Condenser  -  Sprague  Electric  Company 

PAB  l4 

1 

Top  Mounting  Angle 

6546CPOII 

1 

Bottom  Mounting  Angle 

6546CPO31 

1 

Bottom  Plate 

6546DPOI5 

1 

Synchro  Support  Plate  -  L.H. 

6546DPOI6 

1 

Angle 

6546EPO92 

1 

Angle 

6546BPC34 

1 

Synchro  Support  Plate  -  R.K, 

6546DPOI7 

1 

Brace  Angle 

6346CPO32 

1 

Support  Angle 

6546CPO27 

1 

Top  Cover 

6546DP022 

1 

Insulation  Strip 

6546BP091 

1 

Lamp  Socket 

654€,.apo94 

g 

Lamp  -  (t.  E.  Mazda 

go 

g 

Floating  Coupling  -  Reeves  Inst.  Corp. 

A-sp-362-4 

g 

Male  Coupling 

6546.AP115 

g 

Male  Coupling  ~  Reeves  Instr.  Corp. 

A-SP-142 

g 

5F  Synchro  Motor 

Navy  Type 

g 

Synchro  Clamp 

6546BP043 

16 

IQ*  Heference  Drawings 


Emergency-Rod  Position  Transmitter  Layout 
Regulat ing-Rod  Position  Transmitter  Layout 
Emergency-Rod  Position  Indicator  Layout 
Hegulat ing-Rod  Position  Indicator  Layout 
Coarse  Rod-Position  Indicator  Layout 
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Design  of  Emergency-Rod-Position  Transmitter, 

Engineering  Report  No.  24 

Instrument  Pinion  Support, 

Engineering  Report  No.  30 

Hod-Position  Recorders, 

Engineering  Report  No.  36 

Design  of  the  Emergency-Rod-Position  Indicator  System, 
Engineering  Report  No.  41 

Design  of  the  Regulating-Rod-Position  Indicator  System, 
Engineering  Report  No*  42 

Calibration  Test  of  Emergency  find  Regulating-Rod  Transmitter 
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Engineering  Report  No.  44 


6546EL028 

6546EL031 

6546EL036 

6546RL002 

6546RL007 


Amplifier 


